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MINE    HAULAGE. 


HAULAGE  SYSTEMS. 


INTRODUCTION. 

•  2298.  Underground  haulage,  whether  done  by  wire  rope 
or  otherwise,  is  always  carried  on  in  two  distinct  stages. 
The  first  or  local  haulage  is  done  by  drawing  the  cars  from 
the  working  face  to  a  gathering-up  or  central  station,  from 
which  the  general  haulage  begins.  From  the  latter  station 
the  loaded  cars  are  hauled  in  trains  to  the  bottom  of  the  shaft 
or  slope,  or  out  of  the  drift,  as  the  case  may  be.  To  secure 
economy  and  despatch,  it  is  necessary  that  the  local  haulage 
be  made  as  short  as  possible,  as  this  work  is  generally  done 
by  mules,  and  is  more  costly  than  mechanical  haulage.  For 
the  same  reason,  the  general  or  mechanical  haulage  is  made 
as  long  as  possible. 

2299.  This  section  deals  principally  with  wire-rope 
haulage.  There  are  four  classes  of  wire-rope  haulage  which 
will  constitute  the  principal  divisions  of  the  discussion. 
They  are  : 

1.  Gravity-planes; 

2.  Engine-planes; 

3.  Tail-rope  systems; 

4.  Endless-rope  systems. 

GRAVITY-PLrANES. 


CONDITIONS  RBQUIRBD  FOR  8UCCB8SFUL,  OPERATION. 

2300*  This  system  of  haulage  is  done  by  gravitation, 
and,  as  far  as  the  motive  power  is  concerned,  it  might  be 
supposed  that  it  is  cheap  and  economical,  but  such  a  con- 
clusion is  not  always  the  correct  one,  for  very  important 
reasons,  which  should  be  known. 

§22 
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A  prominent  railway  company  for  some  years  did  its  coal 
haulage  on  the  surface  by  a  series  of  gravity-planes  or  self- 
acting  inclines.  In  course  of  time,  it  was  found  that  the 
work  between  the  terminals  could  be  more  cheaply  done  on 
a  properly  graded  road  by  steam-locomotive  haulage  than  by 
gravitation.  The  reason  for  this  was  that  many  of  the  in- 
cline roads  were  short,  and  the  number  of  persons  employed 
on  each  short  incline  made  in  the  aggregate  a  great  number ; 
the  repeated  stoppages  for  detaching  one  set  of  ropes  and 
attaching  another  entailed  a  considerable  waste  of  time,  and 
it  was  found  impossible  to  keep  all  the  inclines  running  in 
such  accord  that  the  train  from  one  would  arrive  in  time  to 
follow  that  of  another.  The  result  was  that  the  quantity  of 
coal  hauled  per  day  was  relatively  small,  being  only  about 
one-fourth  of  what  could  be  hauled  by  steam-locomotive 
haulage.  It  was  also  found  that  the  cost  of  ropes,  rollers, 
and  the  services  of  the  men  employed  far  more  than  counter- 
balanced the  cost  of  fuel  and  other  expenses  incidental  to 
locomotive  haulage.  These  same  conditions  occur  in  the 
mine,  and  in  the  same  way  the  limitations  of  a  costless  power 
sometimes  cause  stoppages  that  reduce  the  output  to  such 
an  extent  that  either  direct  steam-power  or  transmitted 
power  is  found  to  be  better  and  cheaper.  There  are  con- 
ditions under  which  gravity-planes  are  cheap  and  effective, 
but  these  are  seldom  found  in  the  principal  or  primary  haul- 
age, excepting  when  the  self-acting  incline  haulage  is  done 
with  an  endless  rope. 

2301.  The  haulage  on  self-acting  inclines  where  the 
pitch  is  heavy  is  done  with  a  pair  of  ropes  and  a  pair  of 
drums,  by  which  arrangement  the  trains  can  be  kept  under 
perfect  control  with  the  brake,  as  no  slipping  of  the  rope  on 
the  drums  can  occur.  Where  the  pitch  is  light,  a  single 
rope  is  used,  in  which  case  the  rope  is  given  one  turn 
upon  the  head-wheel.  This  is  found  to  be  quite  sufficient, 
for  under  such  conditions  it  is  not  necessary  for  the  brake 
to  be  so  tightly  applied  as  to  cause  the  one  coil  of  rope 
to  slip. 
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2302*  Until  quite  recently,  the  only  self-acting  inclines 
in  use  were  those  just  noticed,  but  now  self-acting  inclines 
with  endless  ropes  are  fast  displacing  them.  Each  of  the 
two  rope  systems  is  subject  to  very  sharply  defined  limits, 
because  the  rope  reaching  to  the  bottom  of  the  incline  soon 
weighs  as  much  as  the  descending  coal,  and  then  the  gravity 
of  the  coal  ceases  to  supply  the  required  motive  power. 

2303.  For  example,  if  on  an  incline  with  4  per  cent, 
grade,  the  rope  reaching  to  the  foot  weighs  2,000  lb.,  a 
loaded  car  4,000  lb.,  and  an  empty  car  1,500  lb.,  the  loaded 
car  will  not  exert  fofce  enough  to  pull  the  empty  car  up,  for 
the  following  reasons  : 

First,  the  friction,  which  amounts  to  about  ^  of  the  load, 
must  be  considered;  second,  the  fact  that  the  descending 
car  balances  the  ascending  car  must  be  borne  in  mind ;  there- 
fore, the  force  is  exerted  only  by  the  coal  in  the  loaded  car. 

The  resistance  offered   by  the  rope  is  caused  by  {a)  its 

weight,  and  {6)  the  friction  due  to  its  weight.     To  move  the 

rope  up  the  incline  regardless  of  friction  requires  2,000  X  .04, 

or  80  lb.     To  this  must  be  added  the  friction,  which  amounts 

2  000 
to    *        ,  or  60  lb.,  making  the  total  force  required  to  move 

the  rope  equal  to  80  +  60  =  130  lb. 

Now,  the  force  required  to  move  the  rope  must  all  come 
from  the  weight  of  the  coal  in  the  loaded  car.  On  a  4  per 
cent,  incline  the  2,600  lb.  would  exert  a  force  parallel  to  the 
incline  equal  to  4  per  cent,  of  2,600  lb.,  or  100  lb.  From  this 
must  be  subtracted  the  friction  due  to  both  the  loaded  and 

4,000-f  1,500  -.on^riu       XT  1  .u    -. 

empty  cars,  or-^ -7-—^ =  137.5  lb.    Now,  we  know  that 

40 

we  can  not  subtract  137.6  from  100,  and,  therefore,  it  is  evi- 
dent that  the  loaded  car  is  entirely  too  light  to  start  the 
empty  car  and  rope  from  the  bottom. 

To  make  the  matter  more  clear,  let  the  grade  be  6  per 
cent.,  and  the  weights  of  rope,  cars,  and  coal  be  the  same  as 
in  the  previous  example.     Now,  the  force  required  to  move 
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the    rope    will    be   equal    to    (2,000  X  .06)  +  ^^^  =  1701b. 

The  pull  exerted   by  the  2,500  lb.  of  coal  will  be  2,500  X 
.06  =  150  lb.     The  friction  due  to  the  coal  and  the  two  cars 

will  be  ^^^^^^  +  ^^-^^Q  :^  137.5  lb.     This  must  be  subtracted 

40 

from  the  150  lb.  to  obtain  the  net  force  due  to  the  weight  of 

the   coal;    thus,  150  —  137.5  =  12.5  lb.     Since   the   coal    in 

one  loaded  car,  under  the  conditions  given,  exerts  a  working 

force  of  but  12.5  lb.,  it  is  plain  that  it  will  be  necessary  to 

run  several  cars  in  a  trip  to  get  force  enough  to  overcome 

the  friction  of  the  rope.     As  the  force  necessary  to  move 

170 
the  rope  is  170  lb.,  it  will  require  in  each  trip  ——-  =  13.6, 

or  14  cars. 

2304«  When  gravity-planes  are  run  with  a  pair  of  ropes, 
the  grade  should  increase  as  the  length  increases.  This  in- 
crease, however,  can  not  always  be  secured,  because  we 
must  take  a  grade  as  we  find  it.  The  length  of  an  incline 
may  be  increased  until  the  number  of  cars  in  the  train  can 
not  lift  the  heavy  rope.  This  conclusion  is  apparent  when 
it  is  understood  that  if  the  weight  of  the  rope  per  foot 
remains  the  same,  and  if  the  length  of  the  incline  is  double, 
the  number  of  cars  in  a  train  must  be  doubled.  This  state- 
ment, however,  still  falls  short  of  the  exact  truth,  for  as  the 
number  of  cars  in  a  train  increases  in  number,  the  weight  per 
foot  of  the  rope  for  such  trains  must  also  increase,  and  the 
result  is  that  gravity-planes  exceeding  half  a  mile  in  length 
are  seldom  found,  except  where  the  pitch  is  30°  or  more. 

It  is  now  clear  that  for  an  incline  to  be  self-acting  the  use- 
ful gravity  force  (or  the  force  that  remains  after  the  friction 
due  to  the  weights  of  a  double  train  of  cars  and  the  load  in 
one  of  them  has  been  subtracted  from  the  weight  that 
gravitates)  must  exceed  the  gravity  weight  of  the  rope  and 
the  friction  due  to  its  weight. 

2305*  There  are  cases  in  the  local  or  secondary  haulage 
of  a  mine  where  a  gravity-plane  is  of  great  value.      For 
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instance,  where  the  working  face  is  advancing  up  grade, 
self-acting  inclines  called  **jigs"  are  adopted.  These  are 
self-acting  inclines  in  which  a  balance-weight  is  pulled  up 
by  the  descending  full  car,  and  the  empty  car  in  turn  is 
pulled  up  to  the  working  face  by  the  balance-weight,  or  jig- 
weight,  as  it  is  generally  called.  In  some  of  these,  the  loaded 
truck  or  jig  runs  on  narrow-gauge  rails  between  the  rails  of 
the  ordinary  track,  and  in  other  cases  the  jig  is  made  to  run 
on  a  track  in  a  parallel  opening.  Short,  self-acting  inclines 
are  also  used  to  advantage  in  running  loaded  cars  from  a 
counter  gangway  to  the  main  gangway,  driven  at  a  lower 
level. 


DB8CRIPTION  OP  DBTAIL»8. 

2306.  Fig.  811  shows  an  ordinary  self-acting  incline,  or 
one  in  which  the  weight  of  the  coal  in  a  loaded  train  acts 
as  a  motive  force.  At  the  head  of  the  incline  is  seen  the 
drum,  or  reel  A,  around  which  the  ropes  wind.  When  a 
single  drum  of  this  character  is  used,  one  of  the  ropes  runs 
off  the  top  side,  and  the  other  runs  off  the  bottom  side 
of  the  drum;  a  moment's  consideration  will  explain  the 
reason  for  this.  If  both  ropes  were  on  one  side  of  the  drum, 
they  would  both  run  off  or  on  together,  but  as  they  coil  on 
opposite  sides  of  the  drum,  one  runs  on  while  the  other 
runs  off. 

2307.  The  incline  shown  in  Fig.  811  is  provided  with 
double  tracks,  to  allow  the  empty  trains  to  pass  each  other 
without  danger  of  colliding.  Between  the  rails  are  seen  the 
rope-rollers  /,  /,  used  to  prevent  the  ropes  trailing  on  the 
ground.  Trains  on  a  self-acting  incline  begin  to  accelerate 
in  speed  at  a  point  midway  in  the  plane,  and  after  the 
loaded  cars  have  reached  the  lower  side,  instead  of  the 
weight  of  the  rope  reacting  against  the  gravity  force  of 
the  coal,  it  now  supplements  that  force,  and  the  result  is  an 
increased  speed.  Unless  something  is  done  to  provide  for 
checking  the  acceleration  of  the  cars,  dangers  of  a  manifold 
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character  may  occur.  For  this  reason,  a  brake  J  is  provided, 
which  is  applied  by  an  attendant  at  the  drum.  For  running 
the  full  cars  onto  the  incline  and  the  empty  ones  off  of  it, 
proper  branch  tracks  and  switches  are  necessary.  For  ex- 
ample, an  automatic  switch  is  placed  at  the  head  of  the 
double  tracks  in  such  a  way  that  the  loaded  cars,  on  reach- 
ing the  top  of  the  incline,  may  alternately  take  the  tracks 
J/ and  N.  When  the  empty  train  //"//reaches  the  head  of 
the  incline  passing  out  of  the  track  iV,  it  passes  on  to  the 
empty  car  line  0\  then  two  loaded  cars  passing  out  of  L  are 
automatically  switched  onto  iV",  for  the  empty  cars,  in  pass- 
ing out  of  Ny  set  the  switch  for  the  loaded  cars  to  run  onto  N. 

2308.  A  vertical  section  of  the  incline  is  seen  in  the 
lower  portion  of  Fig.  811.  The  loaded  cars  are  descending 
at  F  F^  and  the  empty  cars  are  ascending  at  //  H,  The 
rope  from  the  top  of  the  reel  is  attached  to  the  full  cars  /%  F^ 
and  the  rope  from  the  under  side  of  the  reel  is  attached  to 
the  empty  cars  //,  H\  consequently,  the  drum,  as  seen  in 
the  end  view,  is  turning  in  the  direction  of  the  hands  of  a 
watch ;  that  is,  running  the  rope  off  the  top  and  running  it 
on  at  the  bottom.  The  head-frame  for  carrying  the  drums 
is  such  as  may  sometimes  be  seen  on  the  surface,  and  also 
in  the  mine.  Grip-wheels  and  fleet-wheels  have  in  a  great 
many  cases  displaced  the  head-frame,  but  there  are  cases  in 
thick  seams  where  it  is  still  used  with  advantage. 

2309«  Fig.  812  shows  an  under  level  grip  or  fleet 
wheel,  situated  under  a  surface  structure.  In  principle  it  is 
the  same  as  the  fixings  of  a  grip-wheel  under  the  level  of  the 
tracks  at  the  head  of  an  incline  in  the  mine,  for  there  an  un- 
derground chamber  is  cut  out  for  the  location  of  the  wheel, 
as  shown  in  Fig.  820.  Fig.  812  also  illustrates  an  arrange- 
ment of  the  tracks  differing  from  that  shown  in  Fig.  811. 
In  this  case  a  treble  rail  is  continued  to  the  parting,  and 
from  the  lower  end  of  the  parting  to  the  foot  of  the  incline. 
In  the  majority  of  underground  inclines,  the  arrangement 
x)f  the  tracks  is  like  that  illustrated  by  Fig.  813.     In  thi^ 
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as  in  Fig.  812,  the  treble  rails  are  continued  to  the  part- 
ings, but  the  parting  tracks  unite  in  a  single  one,  which 
is  continued  to  the  foot  of  the  incline.  These  three  fig- 
ures bring  before  us  in  a  strong  light  some  of  the  practi- 
cal difficulties  that  arise  in  making  tracks  for  self-acting 
inclines.  In  mines  where  the  roof  and  floor  are  tender,  it  is 
a  costly  and  a  difficult  matter  to  keep  the  roads  secure  and 
in  good  working  order,  and  so  much  is  this  the  case,  that  the 
advantages  of  gravity-planes  must  often  be  disregarded 
when  the  conditions  will  not  permit  the  construction  of 
double  tracks. 

2310.  Timbering  should  be  avoided  as  much  as  possible 
on  a  self-acting  incline,  because,  in  the  event  of  a  rope  break- 
ing and  the  cars  running  away  and  being  derailed,  the  tim- 
ber is  knocked  out  and  the  roof  is  let  down,  with  the  result 
that  a  stoppage  of  work  occurs,  and  great  expense  is  incurred 
in  repairing  the  road. 

231 1 .  Figs.  814,  815,  816,  817,  and  818  show  some  special 
appliances  for  self-acting  inclines.  For  example,  they  show 
the  self-acting  jig,  in  which  the  full  cars  C\  C  are  hauling  up 
the  balance-weight  F,  This  consists  of  a  cast-iron  box  run- 
ning on  wheels  on  a  track  of  small  gauge  within  the  wider 
gauge  of  the  car-track.  This  may  be  clearly  comprehended 
by  reference  to  Fig.  815,  where  the  car  is  seen  passing  over 
the  balance-truck  F.  In  Fig.  814  the  loaded  cars  are  shown 
descending  and  the  balance-truck  ascending.  To  fully  com- 
prehend the  principles  of  action  involved  in^this  self-acting 
jig,  suppose  that  the  cars  have  reached  the  foot  of  the  incline. 
The  man  at  the  top  applies  the  brake ;  that  is,  he  holds  the 
rope  securely  with  the  brake  until  the  loaded  cars  are  de- 
tached and  a  fresh  train  of  empty  ones  is  attached.  Then 
he  eases  off  the  brake,  and  the  balance-car  is  allowed  to 
descend  and  pull  the  empty  train  of  cars  to  the  top  of  the 
incline.  In  this  illustfation  the  grip-wheel  is  mounted  on  a 
head-frame ;  but  it  often  occurs  in  a  mine  that  the  grip-wheel 
is  fixed  under  the  level  of  the  road  at  the  head  of  the  incline. 
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In  Fig.  81G  a  side  view  of  the  balance-truck  is  seen  at  /*,  with 
the  drop-bar  G  attached  to  the  rope ;  or,  more  correctly,  the 
rope  is  attached  to  the  bell-crank  lever  at  the  back  end  of 
the  balance-car  in  such  a  way  that  when  the  weight  of  the 
truck  is  hanging  on  the  rope,  the  lever  G  is  elevated,  and  in 
the  event  of  the  rope  breaking  or  the  balance-truck  becom- 
ing detached,  the  lever  G  by  its  weight  falls,  digs  into 
the  ground,  and  prevents  the  truck  from  running  down  the 
plane. 

2312*  A  front  and  end  view  of  a  grip-wheel  is  given  in 
Figs.  817  and  81S.  In  many  cases  a  fleet-wheel,  or  a  wheel 
with  a  slight  conical  tread,  on  which  the  coils  of  rope  slightly 
slip  down  towards  the  flange  on  the  lower  side,  is  used  instead 
of  a  grip-wheel.  The  grip-wheel,  however,  has  a  special 
advantage  which  makes  it  an  excellent  substitute  for  a 
double-rope  reel.  In  case  one  side  of  the  rope  breaks,  the 
grips  on  the  tread  of  the  wheel  hold  the  other  side  of  the  rope 
secure,  for  the  rope  is  seized  by  the  grips  in  which  it  lies. 
As  all  the  grips  surrounding  the  wheel  (as  those  shown  at 
By  C,  By  C)  act  independently  of  each  other,  the  rope  is  held 
as  securely  as  it  would  be  by  a  reel  on  which  was  coiled 
separate  ropes.  The  grips,  it  will  be. seen,  are  fixed  on  the 
periphery  of  the  wheel  like  so  many  teeth;  one  of  them  is 
shown  in  transverse  section  at  i?,  C,  Fig.  818. 

B  and  C  are  called  the  jaws  of  the  grip.  The  rope  presses 
in  between  them,  and  in  doing  so  the  jaws  distend  at  the 
bottom  and  close  at  the  top  until  the  rope  is  held  as  in  a  vise. 
There  are  manjr  varieties  of  jaw  actions  for  grip-wheels, 
but  this  is  a  truly  representative  one.  For  self-acting  in- 
clines in  mines  where  the  pitch  of  the  road  is  comparatively 
small  and  the  length  of  the  incline  is  short,  head-wheels  are 
sometimes  laid  in  a  horizontal  position,  under  the  road,  at  the 
head  of  the  incline.  In  such  a  case,  the  diameter  of  the 
wheel  is  made  about  equal  to  the  distance  from  center  to 
center  between  the  full  and  empty  tracks.  Such  a  wheel, 
however,  is  seldom  a  grip-wheel,  but  the  groove  in  which 
the  rope  runs  is  made  in  the  form  of  an  acute  angle,  so  that 
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the  rope  fixes  itself  and  grips  on  the  sides  of  the  two  enclo- 
sing flanges.  The  wheel  carries  on  one  of  its  sides  a  brake- 
flange,  so  as  to  keep  the 
running  cars  under  control. 
Sometimes,  however,  where 
the  pitch  is  considerable, 
separate  reels,  connected  by 
gear-wheels,  as  shown  in 
Fig.  819,  are  used  to  pro- 
vide such  a  lead  for  the 
ropes  as  will  not  tend  to  lift 
the  cars  off  the  tracks  in 
coming  onto  and  leaving 
the  top  of  the  incline.  When 
they  are  set  overhead,  the 
running-on  and  the  run- 
ning-off  ropes  both  come 
from  the  under  sides  of 
the  drums  or  reels.  The 
one-sided  lead  of  the  ropes  fjo.  bis. 

is  caused  by  the  gear-wheels,  for  these  make  them  turn 
in  opposite  directions.  These  drums  may  be  set  under 
the  tracks  at  the  head  of  the  incline  with  great  advan- 
tage, if  the  pitch  is  considerable  and  the  trains  and  ropes 
are  heavy.  Such  an  arrangement  prevents  the  excessive 
bending  of  the  ropes  in  passing  over  the  head-sheaves;  that 
is,  the  ropes  running  off  the  tops  of  the  reels  when  set  under 
the  tracks  make  a  smaller  angle  with  the  line  of  the  haulage- 
rope  than  when  one  of  the  ropes  comes  from  the  under  side 
of  the  drum.  The  advantage  of  these  reels,  then,  may  be 
summarized  as  follows:  When  they  are  set  above  the  tracks, 
the  lead  of  the  ropes  is  never  too  high,  and  when  they  are 
set  under  the  tracks  the  lead  of  the  ropes  running  on  and  off 
the  reels  is  never  too  low. 

2313.  The  necessity  of  using  deflecting  sheaves  is 
plainly  shown  in  Fig.  820.  Here  two  deflecting  sheaves 
must  be  used,  as  shown  at  E  and  E.     The  advantages  o£ 
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gfrooved  sheaves,  such  as  those  at  /%  F^  can  not  be  doubted, 
for  by  them  the  trains  on  steep  inclines  can  be  held  as  se- 
curely with  the  brake  as  they  can  be  with  drums ;  however, 
the  damage  to  the  ropes,  in  suddenly  bending  them  round  com- 
paratively small  deflecting  sheaves,  must  not  be  overlooked. 


d 


H' 


M 


U 


Fig.  881. 


2314.  The  grooved  wheels  seen  at  the  lower  portion  of 
the  figure  constitute  a  most  ingenious  device  for  holding 
heavy  trains  on  an  incline.  To  understand, 
however,  the  importance  of  the  two  grooved 
wheels  for  holding  or  hauling,  an  explanation 
of  their  construction  and  mode  of  action  must 
be  made.  By  referring  to  Fig.  821,  it  will  be 
seen  that  the  tread  of  the  periphery  of  the 
wheel  is  made  semi-elliptical  in  section,  and  the 
rope  is  made  to  run  on  at  the  high  side  of 
the  curve  r.  After  a  complete  coil  has  been 
made,  the  running-on  coil  and  the  coil  on  the 
left  of  it  begin  to  surge  down  onto  a  lesser 
diameter;  consequently,  the  coils  are  always 
surging  over  towards  s^  or,  as  the  rope  runs  on, 
it  keeps  gently  surging  or  fleeting  downwards 
until  it  at  last  begins  to  jam  on  the  other  side  of  the  curve, 
as  at  ^,  the  place  at  which  the  rope  runs  off.  The  disad- 
vantages of  the  fleet-wheel  are,  that  the  surging  is  not  con- 
tinuous, but  intermittent,  and  the  rope  jumps  and  thuds  and 
checks,  thus  causing  considerable  wear  and  tear.  When 
the  rope  runs  on,  it  is  arrested  by  the  flange  A,  and  presses 
and  produces  the  surging  or  fleeting  of  the  coil  on  the  left 
of  it.  Sometimes,  however,  the  intermediate  coil  slips  down 
onto  the  middle  of  the  tread,  and  then  a  longer  interval 
elapses  before  the  coil  r  presses  against  the  flange  of  the 
wheel  again,  when  another  knock  and  surge  takes  place,  and 
so  on,  continuously.  From  this,  it  is  clear  that  it  is  impos- 
sible to  run  a  rope  into  the  grooves  on  a  single  wheel,  for, 
after  two  or  three  revolutions,  the  rope  will  roll  up  against 
the  flange  and  jam  there,  so  that  the  adjacent  coils  can  not 
fleet  or  surge  away,  and  the  action  of  the  wheel  will  be 
arrested.  .  Two  wheels,  however,  can  be  used  so  as  to  take 
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the  place  of  one,  by  taking  semicircular  coils  round  each  of 
them,  or  using  the  two  wheels  like  belt-wheels.  This  con- 
verts the  coils  that  would  otherwise  envelop  a  single  drum 
into  belts  on  two  drums  in  such  a  way  that,  if  we  denote  the 
wheels  by  A^  B^  C,  and  yi,,  B^,  C\,  respectively,  the  rope  passes 
half  round  A,  and  from  A  to  A^;  then  from  A^  to  B^  and 
after  passing  half  round  B,  to  i>,,  and  after  passing  round  B^, 
to  C,  and  after  moving  half  round  C,  to  C^ ;  finally,  after  pass- 
ing half  round  C^^  the  rope  proceeds  onwards  to  the  haulage. 

2315*  All  that  has  been  said  so  far  relative  to  a 
description  of  the  grooved  wheels  and  fleet-wheels  of  an 
endless-rope  haulage  is  important  and  worthy  of  attention, 
but  there  are  other  things  that  should  be  known,  and  not 
the  least  of  these  is  the  following: 

When  ropes  are  coiled  around  surfaces  of  any  kind,  par- 
ticularly around  wheels,  what  is  called  the  /loM  or  ^ri/>  of 
the  rope  increases  directly  as  the  square  of  the  number  of 
coils.  If  there  are  two  coils  on  a  fleet-wheel,  the  grip  or 
hold  of  these  two  coils  is  4  times  that  of  one  coil,  and  if 
there  are  three  coils,  the  grip  is  9  times  that  of  a  single  coil. 
The  same  law  holds  true  with  the  grooved  wheels,  for, 
although  there  are  two  wheels,  three  half  coils  on  each  wheel 
are  equal  to  three  whole  coils  on  one.  Therefore,  when  the 
double  wheels  are  connected  by  rope  belts,  as  in  this  case, 
the  friction  obeys  the  same  law  as  that  of  complete  coils, 
and,  consequently,  the  two  wheels  shown  in  Fig.  820,  hav- 
ing three  grooves  each,  secure  a  grip  or  haulage  power  of 
9  times  that  of  a  single  coil  round  one  wheel. 

2316.  The  mechanical  appliances  for  the  successful 
working  of  self-acting  inclines,  such  as  reels,  grip-wheels, 
rollers,  switches,  brakes,  etc.,  etc.,  are  important  from  a 
purely  engineering  point  of  view,  and  the  best  of  these  in 
the  market  can  be  purchased  of  manufacturers  who  make  a 
specialty  of  them.  What  is  directly  important  to  the  mining 
engineer,  as  distinguished  from  the  mechanical  engineer,  is 
the  grading  of  the  roads  for  self-acting  inclines.  It  is  true 
that  what  is  required  to  be  done  is   of   a    cf^rnp^^^^^'^''^^y 
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elementary  character,  yet  the  principles  involved  must  be 
understood,  to  have  their  true  value  appreciated. 

231 7.  In  Fig.  822  ( T)  the  broken  line  shows  a  uniform 
grade  whose  angle  is  equal  to  B  A  C.  It  is  possible  that  this 
uniform  grade  may  be  a  complete  failure,  because  the  weight 
of  the  descending  coal  may  not  be  sufficient  to  lift  the  weight 
of  the  long,  heavy  rope  and  overcome  the  friction  due  to  the 
drum,  rollers,  rope,  and  cars,  and  yet  the  same  incline  might 


Fig.  822. 

be  made  a  complete  success  by  so  altering  the  grade  as  to 
give  it  an  increased  fall  at  the  top  and  a  reduced  fall  at  the 
bottom.  For  example,  by  altering  the  uniform  grade  A  B 
to  the  varying  grade  A  E  D  B^  the  gravity  power  of 
the  coal  is  increased  until  the  loaded  train  has  reached 
the  point  D  and  the  empty  train  has  reached  the  point  E^  at 
which  position  they  will  have  sufficient  velocity  or  mo- 
mentum to  carry  them  to  the  point  of  parting.  Then,  as  the 
trains  move  on,  the  rope  attached  to  the  full  cars  will  so 
lengthen  and  the  rope  attached  to  the  empty  cars  will  so 
shorten  as  to  make  the  rope  not  only  move  by  its  own 
counterpoise,  but  to  make  it  also  assist  the  gravity  power  of 
the  coal.  Although  the  trains  have  acquired  such  a  high 
velocity  as  to  run  the  empty  cars  from  D  up  to  />  and  the 
full  cars  from  E  \.o  A  by  their  inertia,  the  velocity  of 
the  empty  train,  on  reaching  B^  and  the  velocity  of  the  full 
one,  on  reaching  A^  is  so  low  as  to  require  no  brake-power 
to  unduly  strain  the  ropes.     From  this  it  will  be  noticed  that 
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to  make  the  grade  of  an  incline  successful  where  it  other- 
wise would  fail,  the  inclination  must  be  increased  at  the  top 
and  reduced  at  the  foot  of  the  incline. 

2318.  In  Fig.  822  (5)  is  shown  a  case  where  the  fall 
can  not  be  increased  immediately  from  the  top,  but  the  pitch 
is  sufficient  to  run  the  trains  a  considerable  distance  from 
the  foot  of  the  incline  6^  on  a  dead  level.  Very  excellent 
work  may  be  done  in  this  way.  By  lengthening  the  run, 
the  length  and  weight  of  the  rope  are  correspondingly  in- 
creased. As  the  train  leaves  the  top,  it  is  prevented  from 
being  unduly  accelerated  at  the  first  portion  of  the  run;  as 
the  empty  train  must  run  a  considerable  distance  from  /'to 
(7  on  a  dead  level,  the  momentum  acquired  becomes  suffi- 
cient to  run  the  full  train  at  the  end  of  the  run  along  the  level 
from  G  to  F^  and  to  run  the  empty  train  up  to  and  over  the 
top  H. 

2319.  The  manifest  drawback  to  the  extension  and 
rapid  action  of  self-acting  inclines  on  small  pitches  is  the 
weight  of  the  rope.  If  this  factor  could  be  eliminated,  it  is 
easy  to  see  that  the  incline  could  be  prolonged  indefinitely; 
and  it  so  happens  that  this  can  be  done  by  applying  the 
principle  of  the  endless-rope  haulage.  Inclined  planes  run 
by  an  endless  rope  have  been  successful  for  very  long  dis- 
tances on  the  surface,  and  in  some  cases  in  mines,  but  for 
local  or  secondary  haulage  in  certain  places,  jigging  with  a 
balance-car  will  be  found  very  effective. 

2320*  A  description  of  the  mechanical  appliances 
necessary  in  fitting  up  a  self-acting  incline  is  only  important 
to  mining  students  in  so  far  as  their  mode  of  action  is  con- 
cerned. The  principles  of  their  construction  belong  to  the 
mechanical  engineer;  therefore,  it  is  only  necessary  that 
somewhat  brief  attention  should  be  drawn  to  them.  Be- 
ginning at  the  head  of  the  incline,  attention  is  first  called  to 
brakes.  These  are  somewhat  varied  in  construction,  but 
the  mode  of  action  of  all  is  alike.  There  are  only  two  general 
varieties ;  namely,  simple  brakes  for  inclines  of  small  pitch,  on 
which  the  cars  never  attain  a  very  high  velocity,  and  brakes 
for  holding  greater  loads  on  greater  pitches,  where  the  cars 
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attain  high  velocities.     A  brake  of  the  former  kind  is  shown 
in  Fig.  823,     Its  mode  of  action  is  that  of  a  friction-block 


such  as  is  found  on  railway  freight -cars.  The  blocks  c,  a"  are 
attached  to  upright  levers  a  and  />,  and  they  are  put  into  action 
by  a  series  of  levers  and 
rods  c,  g,  h,j\  and  k.  The 
lever  by  which  the  brake 
is  applied  is  seen  at  /  m. 
This  example  is  fairly 
representative  of  brakes 
for  grip-wheels  mounted 
on  a  standard  frame.  In 
mines,  however,  the  grip- 
wheel  is  usually  fixed 
underneath  the  tracks. 
Brakes  of  greater  hold- 
ing power  are  required 
on  inclines  of  high  pitch, 
and  a  representative  one 
is  shown  in  Fig.  824. 
The  flange  of  the  brake- 
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wheel  is  seen  at  A,  and  is  surrounded  with  the  brake-strap 
which  connects  with  the  two  short  arms  of  the  lever  B,  A 
brake  of  this  kind  is  very  powerful,  and  will  hold  securely  a 
very  heavy  train. 

INCLINATION  OF  GRAVITY-PLANBS. 

2321.  For  gravity-planes  to  act  with  safety  and  econo- 
my, the  following  three  important  points  must  be  considered : 

1.  Where  the  pitch  is  considerable  and  the  length  is 
short,  only  a  minimum  number  of  cars  can  be  made  to  run 
in  a  train,  or  otherwise  a  heavy  and  expensive  rope  must 
be  used,  and  powerful  friction-brakes  are  required  to  hold 
the  trains  securely. 

2.  When  the  inclination  is  considerable,  and  the  plane  is  a 
long  one,  the  trains  must  be  made  larger  to  lift  the  heavy 
rope,  whose  increased  weight  is  due  to  the  relatively  great 
length  of  the  plane.  Under  these  circumstances,  a  powerful 
brake  is  indispensable,  because,  after  the  loaded  cars  have 
passed  the  parting,  the  weight  of  the  ropes  adds  consider- 
able to  the  gravity  of  the  coal,  and,  as  a  result,  a  powerful 
brake  and  a  correspondingly  heavy  rope  are  required. 

3.  When  the  inclination  of  a  gravity-plane  is  comparative- 
ly small,  long  trains  are  imperatively  necessary;  and  even 
then  it  is  necessary  to  provide,  as  has  been  previously  shown, 
an  increased  fall  from  the  top  of  the  incline  and  a  reduced 
grade  at  the  foot  of  the  incline,  to  run  off  the  work  with 
sufficient  velocity. 

2322.  Gravity-planes  have  been  sources  of  so  much 
trouble  and  disappointment  to  those  engaged  in  making 
them  and  using  them,  that  it  is  necessary  that  the  under- 
lying principles  should  be  understood  to  avoid  such  mistakes 
as  sometimes  are  made,  in  the  absence  of  proj)er  knowledge, 
of  how  the  earth's  attraction  becomes  the  operative  force  on 
self-acting  inclines.  This  may  be  made  very  clear  by  a 
plain  statement  of  facts. 

First,  the  motive  force  is  generated  by  something  falling, 
and  that  something  falling  is  the  coal  in  the  loaded  cars. 
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Second,  the  force  must  do  work  in  overcoming  two  kinds  of 
resistances ;  namely,  the  friction  common  to  the  cars,  rollers, 
sheaves,  ropes,  and  coal,  and  the  lifting  of  the  weight  of  the 
rope  attached  to  the  empty  cars  at  the  commencement  of 
the  run.  The  lift  in  the  latter  case  increases  with  the  length 
of  the  plane,  and,  as  has  been  shown,  the  rope  may  become 
so  heavy  as  to  neutralize  or  counterpoise  the  weight  of  the 
falling  coal,  and  thereby  render  necessary  long  trains,  or  the 
abandonment  of  the  gravity-plane  and  the  substitution  of 
power  haulage. 

2323.  It  is  essential  that  some  simple,  yet  important, 
calculations  should  be  made  to  determine  when  a  gravity- 
plane  will  be  safe  and  successful  in  doing  the  local  or  general 
haulage  in  a  mine.  The  calculations  referred  to  should  en- 
able the  student  to  find  two  results:  first,  the  minimum 
number  of  cars  in  a  train  that  will  run  with  sufficient  speed 
to  do  the  required  work,  and,  second,  the  maximum  length 
and  minimum  pitch  of  a  gravity-plane  that  will  act  efficiently. 

Before  proceeding,  however,  with  an  explanation  of  the 
methods  of  making  the  required  calculations,  it  is  necessary 
that  the  student  should  understand  how  the  mechanical 
movements  of  the  power  and  the  work  ^re  related  to  each 
other. 

2324.  To  understand  this  matter,  the  following  general 
definitions  are  necessary : 

1.  The  forces  on  inclines  are  inversely  proportioital  to  the 
distances  through  which  they  move  for  a  given  amount  of 
fall.  For  example,  suppose  a  body  has  to  move  down  an 
incline  through  a  distance  of  100  feet  to  fall  a  vertical  dis- 
tance of  8  feet ;  then  the  force  required  to  support  this  body 
on  the  incline  is  only  equal  to  eight  one-hundredths  of  its 
weight.  If  the  body  weighs  80  pounds,  the  force  is  -pj^  X 
80=  6.4  pounds. 

2.  The  forces  on  inclines  are  inversely  proportional  to  the 
lines  along  which  they  act  when  those  lines  are  parallel  to 
the  direction  of  the  movements  of  the  balancing  bodies.     For 
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Fig.  825. 


example,  in  A,  Fig.  825,  the  body  or   weight  L   is  moving 

up    or   down    the    incline   a  6;   therefore,    the.  force    that 

g       moves  it  is  acting  along  the 

line  ^A,  which   is  parallel   to 

a  b.  Again,  the  balance-weight 

IF  is  moving  in  a  line  rj,  and 

this  is  parallel  to  the  vertical 

linear.      Since  ^^  is  one-half 

of  the  length  a  /;,  if  L  weighs 

120  pounds,  fFmust  weigh  GO 

be 
pounds,  because  -^     =  ^.    This 

is  true  when  the  velocities  of 
b  c  and  b  a  are  equal,  and  when 
the  force  moving  L  is  parallel 
to  the  direction  in  which  L 
moves,  assuming  that  the  bal- 
ance-weight IF  falls  through  a  distance  equal  to  that 
through  which  the  load  L  moves  along  the  incline. 

Perhaps  matters  of  this  kind  are  better  understood  by- 
contrasts;  therefore,  suppose  that  the  force  moving  the 
weight  L  does  not  act  along  a  line  that  is  parallel  to 
the  direction  in  which  the  load  moves.  In  i>,  Fig.  825, 
the  load  is  moving  from  d  to  r,  and  the  force  is  then  acting 
along  the  line  ij.  The  force  then  acting  along  the  line  ij 
must  be  greater  than  the  force  acting  along  the  line  gh  in 
the  diagram  A^  because  d  f  is  shorter  than  d  r,  and  we  know 
that  the  forces  in  this  case  are  inversely  proportional  to  the 
lines  along  which  they  act.  (See  the  Inclined  Plane  in 
Mechanics.)  Again,  if  the  load  L  is  in  the  position  x,  the 
weight  IF,  if  infinite,  can  not  move  the  load  higher  up  the 
incline,  because  the  force  is  acting  through  a  cord  whose 
direction  makes  a  right  angle  with  the  direction  of  the  in- 
cline. Therefore,  an  infinite  force  can  not  move  the  body, 
because  the  reaction  of  the  incline  is  as  great  as  the  action 
of  the  force.  It  is  thus  seen  that  the  forces  on  inclines 
must  be  taken  as  acting  parallel  to  the  lines  along  which  the 
weights  or  forces  act. 
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3.  If  the  weights  are  equal,  that  is,  if  the  weight  moving 
along  a  vertical  line  is  equal  to  the  one  moving  along  an 
incline,  to  balance  each  other,  their  velocities  must  be  pro- 
portional to  the  lines  along  which  they  move;  that  is,  the 
weight  Z,  Fig.  825,  A,  will  have  to  move  from  ^  to  ^  in 
the  same  time  that  W  moves  from  d  to  c. 

A  careful  study  of  these  three  definitions  will  remove  all 
perplexity  concerning  the  balancing  forces  on  an  incline. 

2325*  Above  all  other  considerations,  there  are  two 
that  stand  out  in  bold  relief  in  relation  to  gravity-planes. 
These  are: 

1.  The  inclination  must  be  sufficient  for  trains  of  reason- 
able size  to  run  off  the  work. 

2.  There  must  be  a  sufficient  number  of  cars  in  a  train  on 
a  given  incline  to  overcome  the  weight  of  the  rope  on  a 
given  length  of  plane. 

2326*  It  is  first  necessary  to  show  how  to  find  the 
number  of  cars  in  a  train  under  the  given  conditions.  To 
make  the  reasoning  clear,  let  the  following  letters  represent 
the  given  and  required  values: 

IF,  =  the  weight  in  pounds  of  the  descending  loaded  car; 

IF,  =  the  weight  in  pounds  of  the  ascending  empty  car; 

W^  =  the  weight  of  the  hauling-rope  in  pounds ; 

a  =  the  percentage  of  the  grade  expressed  decimally, 
which  is  the  same  as  the  sine  of  the  angle  of  in- 
clination; 

^  =  the  coefficient  of  friction ; 

W  =  the  required  number  of  cars  in  a  train. 

The  force  required  to  overcome  the  resistance  due  to  the 

weight  of  the  rope  is  equal  to  a  W^. 

The  force  required  to  overcome  the  resistance  due  to  the 

W 
rope,  rollers,  and  drums  is  equal  to  -—. 
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Denoting  the  total  force  required  to  overcome  the  weight 
and  friction  of  the  rope  by  F^,  we  have 

^,  =  «'^'.+  ^j'-.  (197.) 

Example. — A  rope  2,000  feet  long  weighs  4,000  pounds,  and  the 
inclination  of  the  plane  on  which  it  is  used  is  equal  to  a  grade  of  8  per 
cent.     What  force  is  required  to  move  the  rope  ? 

Solution. — Applying  formula  197,  we  have 

F^  =  a  n'i  +  ~l^  =  (.08  X  4,000)  +  ^  = 

420  pounds,  the  tractive  force  required. 

2327.  To  find  the  available  gravity  force  for  overcom- 
ing the  required  tractive  force  of  the  rope,  observe  that  on 

m 

a  self-acting  incline,  for  every  load  of  coal  two  cars  are  re- 
quired, and  as  the  cars  and  load  can  not  move  without  being 
subject  to  the  resistance  of  friction,  the  following  equation 
expresses  the  amount  of  this  resistance: 

40       • 

Again,  as  the  cars  balance  each  other  on  an  incline, 
nothing  falls  but  the  load,  but  all  of  the  load  is  not  available 
for  overcoming  the  tractive  force  required  to  move  the  rope, 
for  the  friction  due  to  the  cars  and  the  load  must  be  sub- 
tracted from  the  gravity  force  of  the  coal,  in  order  to  find 
how  much  force  each  pair  of  cars  can  supply  to  move  the 
rope. 

Denoting  the  total  gravity  force  due  to  the  coal  by  /^j,  we 

have 

F^  =  a{JV^^n\).  (198.) 

Again,  denoting  the  available  gravity  force  due  to  the 
coal  bv  y%  we  have 

F=  a  (IV-  IV,)  -  (^^- +  ^^').  (199.) 

Example. — A  gravity-plane  has  a  grade  of  8  per  cent. ;  it  is  2,000 
feet  in  length,  the  rope  attached  to  the  empty  cars  at  the  foot  of  t^e 
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incline  weighs  4,000  pounds,  a  loaded  car  weighs  4,000  p>ounds,  and  an 
empty  one  weighs  1,800  pounds.  What  is  the  number  of  cars  that 
must  run  in  a  train  to  overcome  the  resistance  of  the  rope  at  the  start 
of  the  run  ? 

Solution. — Applying  formula  197,  we  have 

F^  =  a  IV»  +  ^-  =  (.08  X  4,000)  4-  ^  = 
430  lb.,  the  force  required  to  move  the  rope. 
Applying  formula  199,  we  have 

40  40 

31  lb.,  the  available  gravity  force  due  to  one  pair  of  cars. 

Therefore,  the  number  of  cars  that  must  run  in  a  train  is  equal  to 

(^^.+-4o-)-^L^(^^-^«)-^ — 40 — ^J  =  -3r  =  ^^-^"^' 

or,  14  cars  in  a  train.     Ans. 

Example. — The  grade  of  an  incline  is  7  per  cent.,  the  length  of  the 
incline  is  2,000  feet,  the  weight  of  the  rope  is  4,000  pounds,  the  weight 
of  a  full  car  is  4,000  pounds,  and  that  of  an  empty  one  is  1,800'pounds. 
How  many  cars  must  there  be  in  a  train  for  the  plane  to  be  self-acting  ? 

Solution. — Applying  formula  197,  we  have 

/;  =  a  W,  + -^  =  (.07  X  4.000)  +  ^  = 
880  lb.,  the  tractive  force  required  for  the  rope. 
Applying  formula  199,  we  have 

/•=a(Pr.-^K.)-<^-  +  ^'^  =  .07(4.000-1.800)-<'-<^^^-»"">  = 

9  lb. ,  the  available  force  of  the  load. 
Therefore,  the  number  of  cars  in  a  train  will  be  equal  to  Af^  =  42}, 
or  43  cars.     Ans. 

Example. — The  grade  of  an  incline  is  6.6  percent.,  the  length  of 
the  road  is  2,000  feet,  the  weight  of  the  rope  is  4,000  pounds,  the 
weight  of  a  loaded  car  is  4,000  pounds,  and  that  of  an  empty  one  is 
1,800  pounds.  How  many  cars  must  there  be  in  a  train  for  this  incline 
to  be  self-acting  ? 

Solution. — ^Applying  formula  197,  we  have 

/r,  =  ^^,  + ^  =  (.066x4,000)  +  ^  = 
564  lb.,  the  tractive  force  recjuired  for  the  rope. 
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Applying  formula  199,  we  have 
F^  a (  n\  -  n\ )  -  <-i^l^  =.066  X  (4.000-1.800)-  ^^^^±1^)^ 

.2  lb.,  the  available  gravity  force  due  to  the  load. 

364 
Therefore,   the    number  of  cars  in  a  train  is  equal  to  -^-  ^  1,820 

cars.     Ans. 

It  is  plain,  however,  that  such  a  number  could  not  be 
made  to  act  in  practice,  for  observe  the  absurdities  involved 
in  a  case  like  this.  The  plane  is  only  2, ()()()  feet  in  length, 
and  if  the  cars  were  each  7  feet  long,  then  the  length  of  a 
train  of  cars  would  be  equal  to  1,820  X  7  =  12,740  feet,  or 

■  12  740 
a  train  would  be  — -y-— =  C.37  times  the  length  of  the  incline. 

2328.  The  self-acting  incline  that  must  next  engage 
attention  is  the  jig  system.  As  has  been  shown,  the  jig  or 
balance-carriage  runs  on  a  narrow-gauge  track  within  the 
car-track,  or  it  is  made  to  run  in  a  parallel  opening.  The 
weight  of  the  jig  is  equal  to  that  of  an  empty  car  plus  half 
the  weight  of  the  coal  a  full  car  carries.  The  result  is,  that 
when  a  loaded  car  descends  the  incline,  only  half  the  weight 
of  the  coal  it  carries  is  available  for  gravity  force,  because 
the  other  half  of  the  weight  of  the  coal  does  the  gravity 
work  of  raising  the  jig.  The  excess  of  weight  in  the  jig 
does  the  work  of  raising  the  empty  car.  As  only  one-half 
of  the  weight  of  the  coal  does  gravity  work  during  the 
descent  of  the  coal,  and  tjie  other  half  does  work  in  the 
hoisting  of  the  jig,  it  is  only  on  inclines  of  high  [)itch  and 
relatively  short  length  that  the  jig  system  can  be  adopted. 

Example. — The  grade  for  a  jig  incline  is  20  per  cent.,  and  the  length 
of  the  road  is  200  feet.  The  weight  of  the  rope  per  foot  of  length  is 
1.2  pounds,  the  weight  of  a  full  car  is  4,000  pounds,  the  weight  of  an 
empty  one  is  1,800  pounds,  and  the  weight  of  the  jig  is  2,1)00  pounds. 
Prove  that  this  jig  incline  can  not  be  self-acting. 

Solution. — Applying  formula  197, 

W  *^00  V  1  ^^ 

J\  =  a  \\\  +  -^^  =  .20  (200  X  1.2)  4-  ^—^^  =  541b., 

the  resistance  to  be  overcome  in  moving  the  full  length  of  the  rope. 
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Consider  the  conditions  existing  when  the  loaded  car  is  at  the  top 
and  the  jig  is  at  the  bottom  of  the  plane.  The  jig  can  be  considered 
as  an  empty  car  weighing  2,900  lb. ;  applying  formula  199, 

47.5  lb.,  the  available  gravity  force  at  the  descent  of  the  full  car. 

Therefore,  the  jig  incline  can  not  be  self-acting,  because  there  are 
only  47.5  pounds  of  gravity  force  available  to  overcome  a  resistance  of 
54  pounds. 

One  thing,  however,  can  be  done,  and  that  is,  a  level  run 
of  30  feet  can  be  made  at  the  foot  of  the  incline,  which  will 
give  the  loaded  car  on  the  one  hand  and  the  jig  on  the 
other  sufficient  force  to  overcome  the  initial  and  succeeding 
resistance.  For,  at  the  start  of  the  run,  the  jig  or  the 
empty  car  does  not  offer  any  gravity  resistance,  since  it  is 
on  the  level  run.  In  consequence,  the  gravity  force  is  in- 
creased in  the  following  large  proportion:  The  weight  of 
the  jig  is  2, 900  pounds;  therefore,  a  force  of  .2  X  2,000  =  580 
pounds  is  required,  apart  from  the  traction  due  to  friction, 
to  move  it  up  an  incline  having  a  20  per  cent,  grade.  Here, 
then,  can  be  seen  the  great  advantage  due  to  the  right 
method  of  making  a  level  at  the  foot  of  an  incline  to  neutral- 
ize the  resistance  due  to  the  weight  of  the  rope  at  the  be- 
ginning of  the  plane.  As  stated  before,  the  weight  of  a 
jig  is  usually  equal  to  the  weight  of  the  empty  car  plus  one- 
half  the  weight  of  the  coal  it  can  carry. 

Example. — A  self-acting  jig  incline  is  in  all  respects  the  same  as  the 
last,  excepting  the  grade,  which  is  in  this  case  one  of  10  per  cent. 
Prove  that  it  will  be  self-acting  when  a  short  level  is  provided  for  the 
start  of  the  jig  or  empty  car  before  it  begins  its  ascent. 

Solution. — Applying  formula  197, 

IVt  240 

F,  =  a  lyt■h~^y-  =  .1  X  240  4-  ^4^-  =  80  lb.  = 

the  resistance  to  be  overcome  in  moving  the  rope. 

Applying  formula  199, 

ir=^(rK.-?rO-<^-  +  ^'>  =  .l(4.000-2.900)-M^+-JJgO)=. 

110  —  172.5  =  —  62.5  lb.  =  the  available  gravity  force  when  the  grade  is 
uniform  to  the  bottom  of  the  incline.  This  negative  result  shows  that 
the  incline  can  not  act.     But  if  the  jig  commences  its  journey  for  the 
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ascent  of  the  incline  along  a  level,  the  resistance  due  to  the  ascent  of 
the  jig  is  reduced  by  .1  X  2,90(r=  290  lb. ;  hence,  (110  -\-  290)  -  172.5  = 
227.5  lb.,  and  as  the  resistance  of  the  rope  due  to  gravity  and  friction 
is  only  80  lb.,  the  self-acting  jig  incline  will  act  most  efficiently, 
because,  after  allowance  has  been  made  for  all  resistances,  there 
remains  an  excess  of  force  equal  to  227.5  — 30  =  197.5  lb. 

2329.  The  determination  of  the  size  of  a  rope  for  the 
working  of  a  self-acting  incline  is  best  done  by  first  assu- 
ming that  a  rope  of  a  given  size  and  weight  will  answer,  and 
then  finding  the  tension  due  to  the  movement  of  the  rope.  If 
the  tension  found  is  too  much  for  the  rope,  then  a  heavier 
one  must  be  assumed  and  tested. 

Example. — Required  the  tension  in  a  rope  under  the  following 
conditions:  A  loaded  car  weighs  4,000  pounds,  an  empty  one  weighs 
1,800  pounds,  there  are  10  cars  in  a  train,  the  grade  is  one  of  8  per 
cent,  the  length  of  the  incline  is  1,900  feet,  and  the  weight  of  the  rope 
per  foot  of  length  is  1.2  pounds.  What  is  the  tension  in  the  rope  at 
the  moment  the  loaded  trip  leaves  the  top  of  the  incline  ? 

Solution. — Let  T  equal  the  tension  in  the  rope.     Then, 

1  = vjT- h  ^^(10  It  i-h  IP  a). 

The  weight  of  the  rope  is  equal  to  U\  =  1,900  X  12  =  2,280  pounds. 
Then.  T=^^^^^'^^^'^^^^  •{-.OS{10Xl.S00+2,280)  =  2A29A\b,   Ans. 

As  the  working  load  of  this  plow-steel  rope  is  7  tons,  it 
appears  to  be  too  heavy,  but  really  the  jerking  strains  to 
which  such  ropes  are  subjected  render  it  necessary  that  the 
rope  should  be  7  times  as  strong  as  the  calculated  quiet  load. 


AUTOMATIC  S^VITCHBS. 

2330*  Every  gravity-plane  on  which  the  descending 
loaded  cars  raise  the  empty  ones  should  be  provided  with 
an  automatic  switch  at  the  head  of  the  plane.  There  are 
two  general  types  of  switches  for  this  purpose;  both  are 
called  automatic  switches,  although,  strictly  speaking,  only 
one  is  automatic,  the  other  requiring  the  attention  of  the 
runner.  In  Fig.  82G  is  shown  an  automatic  switch  consist- 
ing of  three  tongues  a^  /;,  and  r,  pivoted  to  the  rails 
as   shown.      To   the   tongue   a   is   hung   a   weight    w,    in 
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consequence  of  which  it  is  always  kept  closed;  i.  e.,  kept 

against   rail   d.      With    the    tongues    arranged    as    shown 

in  the  figure,  the  loaded  cars  coming  from  track  A  force 

open  the  tongue  a,  as  shown  by  the 

dotted  lines,  and  pass  over  the  track 

B,  where  they  may  be  let  down  the 
incline,  the  tongue  being  closed  by 
the  weight  vj  after  the  cars  pass  over. 
The  cars  coming  up  the  slope  on 
empty  track  C  open  the  tongue  c  and 
close  tongue  b,  as  shown  by  the  dotted 
lines.  These  tongues  always  remain 
in  the  position  placed  by  the  last  train 
of  empty  cars  run  over  them.  On  the 
next  trip,  the  loaded  cars  from  track 
A  pass  over  to  track  C,  where  they 
may  again  be  let  down  the  slope,  and 
the  empty  cars  coming  up  the  slope 
on  track  B  move  the  tongues  b  and  c 
to  their  original  position,  and  pass 
on  to  track  D.  The  above  opera- 
tion is  then  repeated,  the  loaded  cars 
taking  alternately  the  tracks  B  and 

C,  and  the  empty  ones  always  the 
track  D. 

2331.     In  those  gravity-planes  in 

which  three  rails  are  used  from   the 

head   of    the    slope    to   the    parting, 

and   only   two   from  the   end  of   the 

parting,    an   automatic    switch   must 

be    placed    at    the    junction    where 

the  two  rails  unite  with  the  parting. 

Fio.  nn.  In   Fig.  827  is   shown   an   automatic 

switch,  which   may   be   used  at  such   a  place.      Here  two 

timbers j4  and/?,  pointed  at  the  ends  and  bound  with  iron, 

are  pivoted  at  C  and  D,    respectively,  in   such   a  manner 

that   they   may  move   freely   over   the  tops   of   the   rails. 
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With  the  timbers  in  the  position  shown,  the    empty  cars 
coming    along    track    £    will    be   pulled   up   the  slope  on 
tracks,  while  the  descend- 
ing   loaded    cars    coming 
down  the  slope  on  track  G 
will  shift  the  timbers  over 
the   rails    to    the    position 
'  shown  in   dotted  lines,  and 
go  along  track  £.      At  the 
next  trip  the   empty   cars 
coming  along  track  £  will  be  pulled  up  the  slope  on  track  C, 
while  the  descending  loaded  cars  coming  down  the  slope  on 
track  F  again  shift  the  timbers  to  their  original  position. 
The  above  operation  is  then  repeated,  the  empty  cars  being 
pulled  alternately  up  the  tracks  F  and  G.     Blocks  of  wood 
or  iron  a,  a,  a  are  securely  fastened  to  the  ties,  to  prevent 
the  timbers  from  moving  too  far;  the  timbers  being  thus 
blocked,  serve  for  guide-rails,  to  guide  the  wheels  of  the  cars 
to  their  respective  tracks. 

SAFETY -BLOCKS. 

2332.  At  the  head  of  the  slope  near  the  brink  on  all 
gravity- planes  should  be  placed  an  arrangement  called  a 
safety-block,  for  preventing  the  cars  from  descending  the 
plane  before  they  are  properly  attached  to  the  rope.  There 
are  various  forms  of  these  blocks  in  use,  differing  in  con- 
struction of  their  details,  hut  representing  only  one  prin- 
ciple in  all;  namely,  that  of  providing  an  obstruction,  either 
over  the  rails  or  in  the  center  of  the  track,  to  prevent  the 
cars  from  passing,  and  of  removing  this  obstruction  when 
the  cars  arc  to  be  let  down  the  slope. 

2333.  One  of  the  best  forms  of  safety-blocks  is  shown 
in  Fig.  828,  in  which  A  and  B  are  two  timbers  pivoted  at  C 
and  D,  respectively.  The  end  of  each  timber  is  shaped  as 
shown,  and  iron-bound.  Directly  in  the  center  between 
these  timbers  4s  fastened  an  iron  plate  £  having  a  slot  in  it 
through  which  the  vertical  part  F  of  the  rod  G  may  be 
moved  back  and  forth.     The  timbers  A  and  IS  are  connected 
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by  two  wrought-iron  links  H  and  /,  which  form  a  toggle- 
joint,  as  shown.  The  ends  of  these  links,  meeting  in  the 
center,  are  fastened  to  the  end  of  the  rod  F  projecting  up 
through  the  slot  in  the  plate  E.  J,  J  are  wrought-iron 
levers  placed  on  the  outer  sides  of  the  track  close  to  the 
rails.  These  levers  are  pivoted  at  K,  and  are  connected 
together  by  a  rod  L,  at  the  center  of  which  the  rod  G  is  so 
fastened  that  when  either  of  the  levers  is  moved  the  other 
moves  with  it.  The  operation  of  this  arrangement  may  be 
explained  thus:  With  the  timbers  in  the  position  shown,  a 
train  of  loaded  cars  coming  along  track  M  takes  track  N, 


and  goes  along  until  the  wheel  on  the  inner  rail  of  the  front 
car  strikes  the  timber  B.  After  the  rope  has  been  attached 
to'  the  cars,  the  runner  shifts  either  one  of  the  levers  J  to 
the  positiony,  shown  by  the  dotted  lines.  In  doing  this,  the 
rod  G  is  pulled  to  the  left,  the  vertical  part  Fat  it  sliding 
in  the  slot  of  the  plate  E  to  the  left  also,  which  causes  the 
ends  of  the  links //"and  /fastened  to  it  togo  with  it,  thereby 
causing  the  blocks  A  and  B  to  take  the  position  shown  by 
the  dotted  lines.  The  tracks  being  thus  freed,  the  cars  may 
be  let  down  the  slope.  The  .empty  cars  coming  up  the 
plane  on  track  O  pass  along  until  the  first  car  reaches  the 
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lever./  on  the  outside  of  this  track,  which  is  now  in  the  posi- 
tion y  shown  by  the  dotted  lines,  and  moves  it  to  its  original 
position  y,  in  passing  to  track  M^  thereby  again  placing  the 
timbers  A  and  B  over  the  tracks.  On  the  next  trip,  the 
loaded  cars  coming  along  track  M  take  track  O,  and  are 
prevented  from  descending  the  slope  by  the  timbers  being 
placed  over  the  inner  rails  by  the  last  train  of  empty  cars. 
After  the  rope  has  been  fastened,  the  timbers  are  again 
moved  to  the  dotted  position  by  one  of  the  levers  y,  and  the 
cars  may  then  be  let  down  the  slope.  The  empty  cars  com- 
ing up  this  time  on  track  N  pass  along  until  the  front  car 
reaches  the  lever  J  on  the  outside  of  this  track,  which  is 
again  in  the  position  y  shown  by  the  dotted  lines,  and 
moves  it  to  its  original  position  in  passing  to  track  ^/, 
thereby  again  placing  the  timbers  A  and  B  over  the  tracks. 
This  operation  is  repeated  every  trip,  the  empty  cars  coming 
up  the  plane  and  automatically  placing  the  timbers  over  the 
rails,  to  prevent  the  loaded  ones  from  descending  the  plane. 

2334.  In  Fig.  829  is  shown  another  good  form  of  a 
safety-block,  consisting  of  a  heavy  wrought-iron  bar  A 
firmly  keyed  on  a  shaft  7>,  that  is  held  in  position  by  the 
bearings  (T,  C,  which  are  bolted  to  suitable  supports.  The 
top  of  the  front  end  a  of  the  bar  is  inclined,  as  shown  in 
the  figure,  and  is  caused  by  the  weight  IF  to  project  up  in 
the  center  of  the  track  to  such  a  height  that  it  will  strike 
the  axle  of  the  cars,  this  height  being  governed  by  the  tim- 
ber H.  At  one  end  of  the  shaft  B  is  keyed  a  lever  D  (placed 
at  one  side  of  the  track)  by  which  the  block  is  operated. 
One  of  the  blocks  is  placed  in  the  center  of  each  track. 
With  the  tongues  of  the  switch  in  the  position  shown,  the 
loaded  cars  coming  along  track  E  take  track  7%  and  run 
along  it  until  the  front  axle  of  the  first  car  strikes  the  pro- 
jecting part  a  of  the  bar  A.  After  the  rope  has  been 
attached  to  the  cars,  the  lever  D  is  pulled  to  the  right, 
which  causes  the  projecting  part  a  to  swing  down,  when  the 
cars  may  be  let  down  the  slope.  The  projecting  part  a 
should  be  held  down  until  all  the  cars  have  passed  over  it; 
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the  lever  D  is  than  released,  and  the  part  a  is  again  brought 
up  to  its  proper  height  by  the  weight  W.  The  train  of 
empty  cars  coming  up  the  slope  on  track  G  finds  the  block 
in  the  position  shown,  the  axles  forcing  the  projection  a 
down,  which  may  be  readily  done,  since  it  is  inclined,  and 
the  train  passes  over  to  track  E.  After  the  cars  have 
passed  over  it,  the  projection  a  is  again  brought  up  by  the 
weight  W  \o  its  original  position,  as  shown.  On  the  next 
trip,  the  loaded  cars  coming  along  track  E  will  run  along 
track  G  until  the  front  axle  of  the  first  car  strikes  the  pro- 
jection a,  and  may  then  be  lowered,  after  the  ropes  have 


been  fastened  to  them,  by  pulling  the  lever  U  to  the  right, 
and  holding  it  until  the  last  car  has  passed  down  the  plane. 
The  empty  cars  this  time,  after  coming  up  the  plane  on 
track  Fand  depressing  the  projection  a  as  before,  pass  along 
track  E,  after  which  the  projection  a  is  again  brought  to 
its  original  position  by  the  weight  W.  This  operation  is 
then  repeated,  the  loaded  cars  being  let  down  the  slope  alter- 
nately on  each  track  by  pulling  either  the  lever  D  or  D' ,  and 
the  empty  cars  coming  up  the  slope  depressing  the  projec- 
tion a.  When  this  block  is  used,  it  is  impossible  for  the  cars 
arriving  at  the  head  of  the  slope  to  run  down  the  plane 
against  the  will  of  the  operator,  since  they  are  always  in  the 
proper  position  to  prevent  the  cars  from  passing. 
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2335.  In  Fig.  830  is  shown  another  safety-block  which 
may  be  used  on  gravity-planes  where  light  loads  are  run. 
This  consists  of  two  iron-bound  timbers  A  and  B^  pivoted  at 
C  and  Z>,  respectively,  in  such  a  manner  that  the  timber  A 
can  be  swung  over  the  top  of  the  rail.  One  of  these  blocks 
is  used  for  each  track.  With  the  timbers  in  the  position 
shown,  a  loaded  car  coming  along  track  Ii  will  be  prevented 
from  descending  the  plane.  After  the  rope  has  been  fast- 
ened to  the  cars,  the  timber  B  is  swung  to  one  side,  so  as  to 
allow  A  to  take  the  position  shown  by  the  dotted  lines. 
The  empty  cars  coming  up  the  plane  on  track  F  find  the 


Fig.  830. 

timbers  in  the  position  shown  on  that  track,  and  pass  along, 
after  which  the  timber  yl'  is  swung  over  the  track,  and  is 
locked  by  the  timber  B\  as  shown  by  the  dotted  lines.  On 
the  next  trip  the  loaded  cars  coming  along  track  F  this  time 
find  the  track  closed.  After  the  rope  has  been  fastened  to  the 
cars,  the  timber  B'  is  swung  over,  and  the  cars  are  let  down 
the  slope,  the  timber  A'  being  moved  by  the  wheels  to  its 
original  position.  The  empty  cars  coming  up  the  slope  on 
track  It  find  the  timbers  A  and  B  in  the  position  shown  by 
the  dotted  lines,  and  pass  along,  after  which  the  timbers  A 
and  B  are  again  placed  in  their  original  position  by  the  run- 
ner. This  operation  is  then  repeated,  locking  and  unlocking 
the  blocks  on  each  track  alternately. 

2336.     At    the    foot  of  the   gravity-planes   before   de- 
scribed there  should  be  a  slightly  inclined  surface  for  the 
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reception  of  the  cars  after  they  have  descended  the  plane, 
the  cars  being  prevented  from  running  along  the  surface  by 
spragging  the  wheels.  If  they  are  to  he  run  in  a  tipple, 
the  first  car  may  be  uncoupled  and  the  sprags  removed, 
thereby  letting  the  car  run  along  the  track  by  gravity  to 
the  tipple.  Instead  of  doing  this,  the  safety-block  shown 
in  Fig.  831  may  be  used,  which  is  entirely  similar  to  that 


Yv..  »U. 
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A  is  not  inclined  as  shown  in  Fig.  820.  With  this  arrange- 
ment, after  the  cars  have  descended  the  plane  and  been 
spragged,  they  are  uncoupled  and  the  sprags  are  removed, 
thereby  letting  them  run  along  the  track  by  gravity  until 
the  front  axle  of  the  first  car  strikes  the  projecting  part  of 
the  bar  A.  When  a  car  is  to  be  run  on  the  tipple,  the  lever 
/>  is  pulled  to  the  right,  thereby  swinging  the  bar  A,  the 
projecting  curved  part  clearing  the  axles,  and  the  car  passes. 
After  the  rear  axle  has  passed  over  the  projecting  part  of  the 
bar  A,  the  lever  D  is  released,  and  the  weight  JJ'falls  down 
and  raises  the  projecting  curved  part  to  its  original  position 
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before  the  axle  of  the  next  car  strikes  it.  With  this  arrange- 
ment, the  cars  can  be  allowed  to  run  to  the  tipple  as  required, 
it  being  very  easy  to  handle,  and  simple  in  construction. 

2337.  As  a  safeguard  against  life  and  property,  every 
inclined  plane  should  be  provided  with  some  kind  of  an 
arrangement  to  prevent  the  cars  from  descending  to  the 
bottom  of  the  slope  in  case  the  rope  breaks.     The  arrange- 


piG.  8a2. 
ments  in  general  use  for  this  purpose  are  very  crude,  either 
stopping  the  cars  coming  down  the  slope,  or  switching  them 
off  and  throwing  them  from  the  track.  In  Fig.  832  is 
shown  an  arrangement  called  a  safety-lock  used  for  stop- 
ping the  cars.  This  consists  of  two  timbers  A  and  B  placed 
on  the  outside  of  the  track,  having  their  front  ends  pointed 
and  iron-bound,  and  pivoted  at  C  and  I),  respectively,  in 
such  a  manner  that  the  pointed  ends  may  be  swung  over 
the  rails.  At  the  front  end  of  each  timber  is  fastened  a 
qhain  £.     This  chain  is  also  connected   to  one  leg  of  the 
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bell-crank  /%  to  the  other  leg  of  which  a  weight  IF  is  hung, 
which  causes  each  timber  to  always  take  the  position  shown 
in  the  figure.  To  the  other  end  of  each  timber  are  fastened 
the  chains  G.  Each  end  of  these  chains  is  connected  to  one 
leg  of  the  bell-crank  //,  the  chain  which  is  fastened  to  the 
timber  B  being  led  over  the  wheel  /,  which  is  securely 
fastened  to  the  ties,  and  then  led  under  the  rails  to  the  bell- 
crank  H,  To  the  other  leg  of  the  bell-crank  //  is  connected 
a  wire  y,  which  is  led  to  the  head  of  the  slope,  where  it 
may  be  pulled  by  the  runner.  The  operation  of  this  may 
be  explained  thus:  Upon  the  rope  breaking  and  the  cars 
running  down  the  slope,  the  runner  at  the  head  of  the  plane 
pulls  the  wirey,  which  causes  the  bell-crank  //to swing  the 
pointed  ends  of  the  timbers  A  and  B  over  the  rails  into  the 
position  shown  by  the  dotted  lines.  The  wheels  of  the  cars, 
upon  reaching  this  point,  strike  the  timbers,  and  a  general 
smash-up  follows.  It  can  well  be  supposed  that  this  lock 
must  be  repaired  after  each  time  it  has  been  in  use. 


2338*  An  arrangement  for  switching  the  cars  off  the 
track  is  shown  in  Fig.  833,  in  which  two  tongues  A  and  B  are 
placed  as  shown  and  fastened  to  a 
chain  C,  one  end  of  which  is  con- 
nected to  one  leg  of  the  bell-crank  D^ 
having  a  weight  W  hung  to  the 
other  leg,  which  causes  the  tongues 
to  always  take  the  position  shown. 
The  other  end  of  the  chain  C  is  led 
around  the  pulley  E^  which  is  fast- 
ened to  the  cross-tie,  and  is  at- 
tached to  a  wire  F  led  to  the  head 
of  the  plane.  This  arrangement 
admits  of  the  empty  cars  being  run 
up  the  slope,  since  the  wheels  force 
over  the  tongues  A  and  B  to  the 
position  shown  in  dotted  lines. 
When  the  loaded  cars  come  down 
the   slope,    the   tongues  A    and  B  pio.  888. 
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must  be  pulled  over  by  the  wire  F  to  the  position  shown  by 
the  dotted  lines,  so  that  the  cars  may  pass.  In  case  the  rope 
breaks  at  any  point  above  the  switch,  the  wire  F  is  not 
pulled,  since  the  tongues  are  always  in  position,  or  closed,  so 
that  the  runaway  cars  will  be  switched  off  to  one  side.  This 
arrangement  possesses  the  property  of  always  being  set  to 
switch  the  runaway  cars  off  the  track ;  but  this  is  done  at 
the  expense  of  an  extra  amount  of  labor  on  the  part  of  the 
runner,  as  he  must  pull  the  wire  /%  in  order  to  open  the 
switch  when  the  descending  cars  reach  it,  for,  otherwise, 
they  would  be  switched  to  one  side. 


ENGINE-PLANES. 


GBNBRAL  DBSCRIPTION. 

2339.  This  is  a  system  of  haulage  that  is  adopted  on 
inclined  roads  where  the  pitch  is  just  sufficient  to  run  the 
trains  down  grade  with  the  hauling-rope  attached,  or  where 
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the  direction  of  the  pitch  is  such  that  the  loaded  cars  must 
be  hauled  up  grade.     By  reference  to  A^  Fig.  834.  the  direc- 
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tion  of  the  pitch  is  such  that  the  trains  must  be  hauled  up 
grade,  whereas  iA  B  the  loaded  cars  must  be  lowered,  because 
the  direction  of  the  pitch  is  down  grade.  Hence  in  A  the 
hauling-engine  is  located  at  the  shaft,  whereas  in  B  the 
engine  is  located  either  at  head  of  the  incline  or  at  the  shaft. 
In  the  latter  case,  the  rope  is  conducted  along  one  side  of  the 
track,  and  carried  round  a  return  sheave,  as  shown  in  Fig. 
835.  In  C,  Fig.  834,  the  hauling  is  done  on  two  reverse  in- 
clines ;  consequently,  the  engine  must  be  placed  at  the  highest 
elevation  of  the  inclined  roads. 

2340.  Fig.  834  shows  three  distinct  classes  of  engine- 
planes:  (1)  Those  on  which  the  loaded  cars  are  hauled  up 
grade  by  the  engine,  and  the  empty  cars  are  run  back  by 
gravity,  as  in  -^,  where  the  full  trains  are  hauled  upgrade 
from  b  to  a^  and  the  empty  cars  are  run  back  from  a  to  b. 
(2)  Those  on  which  the  loaded  train  runs  down  an  easy 
grade,  hauling  the  rope  with  it,  and  where  the  empty  train 
must  be  hauled  up  grade  with  the  engine.  (3)  Those  on 
which  the  engine  is  located  at  the  head  of  two  reversely  in- 
clined roads,  as  in  C,  In  the  latter  case,  the  engine  hauls 
the  loaded  trains  up  grade  from  h  to  g,  and  then  the  loaded 
trains  proceed  down  grade  by  gravity  from  f  to  r,  and  the 
empty  trains  are  hauled  up  grade  from  r  to  /"  by  the  engine, 
and  then  run  down  grade  from  g  to  h  by  gravity. 

2341.  In  mine  haulage,  engine-planes  of  the  character 
shown  in  C,  Fig.  834,  are  found  to  furnish  the  best  possible 
results,  for  where  the  seam  is  undulating  the  reverse  inclines 
are  found  to  supply  excellent  conditions  for  long  haulage  to 
be  done  cheaply  and  expeditiously,  because  the  engine  can 
be  located  at  the  highest  point  between  the  two  inclines.  If 
the  run  from  the  shaft  to  the  engine  is  a  mile,  and  that  from 
the  engine  to  the  foot  of  the  incline  g  h  is  half  a  mile,  one 
drum  and  one  rope  can  be  made  to  run  the  empty  cars  first 
from  the  shaft  to  the  engine,  and,  second,  to  lower  the  cars 
from  the  engine  to  the  foot  of  the  down-grade  incline  g  h. 
In  short,  a  pair  of  reverse  inclines  can  be  made  to  obviate 
the  necessity  of  the  use  of  a  tail-rope. 
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2342.  There  are  two  cases  in  which  the  engine-plane 
is  superior  to  all  other  systems.  They  are:  (1)  where  the 
seam  is  pitching  heavily  from  the  shaft,  for  then  no  type  of 
locomotive  can  be  used  to  do  the  haulage  as  cheaply  and 
quickly;  (2)  when  the  road  passes  over  two  reverse  in- 
clines, where,  however,  the  pitch  from  or  to  the  shaft  is 
small  or  just  sufficient  to  run  the  train  back  with  the  rope; 
then  locomotive  haulage  can  sometimes  be  adopted  with 
better  results.  Fig.  836  is  a  good  illustration  of  an  engine- 
plane  haulage  to  the  shaft,  and  shows  in  plan  where  the 
engine  is  located  with  reference  to  the  lead  or  line  of  the 
rope. 

2343.  In  some  of  the  later  installations  of  engine-plane 
haulage,  the  engine  is  not  located  in  the  mine,  but  on  the 
surface,  and  the  haulage-rope  is  conducted  down  the  shaft, 
or  down  a  bore-hole  made  for  the  purpose.  Fig.  837  sup- 
plies a  good  illustration  of  how  the  hauling-engine  may  be 
located  at  the  top  of  an  incline  for  upward  haulage;  but 
this  is  a  surface  arrangement,  and  has  attached  to  it  an  ap- 
pliance that  is  seldom  required  in  a  mine.  However,  as  it 
is  used  in  connection  with  mine-surface  appliances,  and 
sometimes  on  slopes,  it  is  here  considered  worthy  of  notice. 

The  device  in  question  is  t^he  barney  or  truck  J/  seen  be- 
hind the  full  car  that  has  just  arrived  at  the  top  of  the  engine- 
plane.  The  barney  is  a  little  car  that  runs  on  rails  set  be- 
tween the  rails  of  the  coal-car.  The  rope  is  attached  to  the 
barney,  which  is  thus  used  to  push  the  full  car  up  the  in- 
cline in  front  of  it,  so  that  when  the  full  car  reaches  the  top 
of  the  incline,  it  can  run  away  by  means  of  its  inertia. 
Again,  when  the  empty  car  reaches  the  foot  of  the  incline  at 
P^  the  barney  dips  down  into  the  little  pit  at  N,  and  becomes 
disengaged  from  the  empty  car,  which,  by  the  inertia  ac- 
quired by  the  velocity  due  to  its  descent,  runs  into  a  parting 
to  allow  the  next  full  car  to  run  over  the  barney.  When 
the  engine  starts,  the  barney  rises  out  of  the  pit  and  bumps 
against  the  full  car  as  before. 
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2344.  Before  considering  the  numerical  calculations 
concerning  engine-planes,  some  other  matters  of  detail  in 
the  working  of  the  tracks  must  be  noticed.     For  example. 


where  curves  occur  the  guide-sheaves  for  the  rope  are  so  set 
within  the  rails  that  the  rope  is  made  to  run  in  the  middle  of 
the  track,  as  in  Fig.  838;  or,  if  it  is  desirable  to  use  larger 


sheaves  that  will  not  damage  or  strain  the  rope  by  sharp 
bends,  the  sheaves  are  sometimes  set  on  the  side  of  the  track 
that  corresponds  to  the  inside  of  the  curve,  as  in  Fig.  839. 

2345.  The  drag -bar,  or  back-set,  shown  in  Figs.  840  and 
841,  is  a  provision  made  for  safety  during  the  ascent  of  heavy 
trains  on  engine-planes. 

In  the  event  of  a  broken  rope,  this  prevents  the  train 


FIO.  840.  Fia.  Stl. 

from   running  back,   and  by  this  means  the  damage  that 
would  otherwise  occur  is  prevented. 

A  loose  drag-bar  is  shown  in  Fig.  840.     It  is  simply  a 
strong  iron  bar  hooked  to  the  rear  of  the  last  car  in  the 
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train.  Its  mode  of  operation  is  as  follows:  As  the  train 
runs  up  the  incline,  the  bar  trails  over  the  ground.  Should 
the  rope  or  one  of  the  coupling-chains  break,  it  sticks  into 
the  ground  and  prevents  the  train  from  running  back.  The 
drag-bar  shown  in  Fig.  841  is  the  same  in  character  as  that 
shown  in  Fig.  840,  except  that  it  is  prevented  from  trailing 
and  knocking  against  the  rollers  on  the  ascent  of  the  train, 
being  suspended  by  the  chain  J/,  one  end  of  which  is  attached 
loosely  to  a  bent  hook,  which  has  the  shape  shown  by  the 
dotted  lines.  A  second  hook  fits  over  the  end  of  the  first 
one,  and  the  weight  of  the  bar  straightens  the  chain  which 
supports  it  by  means  of  the  two  hooks.  In  case  of  accident, 
the  bar  is  dropped  to  the  ground  by  the  train-rider  pulling 
the  rope  which  is  attached  to  the  smaller  hook  on  the  right. 
This  pulls  the  smaller  hook  over  the  projection  on  the  end 
of  the  bent  hook,  thereby  causing  the  latter  to  slip  through 
the  end  link  of  the  chain,  and  take  the  position  shown  by 
the  dotted  lines.  This  action  releases  the  bar,  which  there- 
upon falls  and  digs  into  the  ground. 

2346.  In  a  large  mine  there  can  not  be  a  main  haulage 
for  which  all  the  loaded  cars  are  gathered  at  one  station. 
Since  this  is  the  case,  not  only  must  the  system  of  the  main 
haulage  be  modified  so  as  to  run  the  work  off  from  different 
stations,  but  sometimes  a  system  that  appears  in  all  respects 
the  best  for  the  grades  of  the  main  haulage-roads  must  be 
abandoned  for  another  that  will  allow  the  gathering-up 
stations  to  be  located  nearer  to  the  working  faces.  Fig.  842 
furnishes  such  a  case.  Here  the  head  of  the  engine-plane  is 
at  the  shaft,  and  the  gathering-up  stations  are  located  at 
the  entrance  to  the  side  entries.  If  the  latter  are  driven 
along  the  strike  of  the  seam,  as  they  happen  to  be  in  this 
case,  the  main  haulage  is  made  to  reach  no  farther  than 
where  the  main  rope  is  taking  hold  of  the  two  full  cars  at  B. 
It  is  clear,  then,  that  the  engine-plane  haulage  here  adopted 
is  an  expensive  one.  To  avoid  expense,  either  the  side 
entries  should  be  driven  on  a  pitch  sufficient  to  allow  the 
trains  to  run  to  gathering-up  stations,  nearer  the  working 


%%i  MINE  HAULAGE.  45 

faces,  or  another  system  of  haulage,  such  as  main  and  tail 
rope,  or  endless  rope,  should  be  adopted  to  reduce  the  cost  of 
long  and  expensive  local  haulage.      Cases  no  doubt  occur  in 


which  the  side  entries  are  so  short  that  the  main  and  local 
haulage  here  shown  would  do,  but  they  are  exceptional. 

2347'.  In  engine-plane  haulage,  it  is  important  that 
trains  of  reasonable  length  be  run ;  otherwise  a  greater  num- 
ber of  cars  are  required  than  it  is  prudent  to  use  for  the  out- 
put. The  number  of  cars  in  a  train  should  not  exceed 
thirty,  and  the  grade  should  not  be  less  than  3  per  cent,  to 
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attain  an  average  speed  of  10  miles  an  hour  when  running 
back.  A  train  of  empty  cars  in  good  working  order,  and 
running  on  a  good  track,  will  acquire  a  good  speed  on  a  pitch 
of  2.25  per  cent.,  and  a  train  of  full  cars  under  the  same 
conditions  v/ill  run  at  a  good  speed  on  a  pitch  of  2  per  cent. ; 
but  for  all-around  good  work,  a  pitch  of  3  per  cent,  is  the 
most  reliable,  and,  therefore,  should  be  the  minimum. 


CALCULATIONS  FOR  BNGINB-PLANB  HAULAGE. 

2348.  To  find  the  tension  in  the  haulage-rope  when 
the  inclination  of  the  road,  the  length  and  weight  of  the 
rope,  the  number  and  weight  of  the  cars,  and  the  coefficient 
of  traction  are  given,  proceed  as  follows:  First,  find  the 
traction  due  to  the  friction  of  the  weights  of  the  cars,  coal, 
and  rope  as  follows:  Divide  the  sum  of  the  weights  of  the 
cars,  coal,  and  rope  by  40,  the  latter  number  being  the  co- 
efficient of  traction  due  to  friction.  Second,  to  find  the 
traction  required  for  the  gravity  due  to  the  incline,  multi- 
ply the  sum  of  the  weights  of  the  car,  coal,  and  rope  by 
the  per  cent,  of  grade,  and  the  product  is  the  traction  re- 
quired for  gravity.  To  find  the  total  force  required  for 
traction,  or  the  tension  in  thehauling-rope,  add  the  traction 
due  to  friction  to  the  traction  due  to  gravity,  and  the  sum 
is  the  tension  in  the  hauling-rope.  What  has  been  here  said 
can  be  shown  by  a  formula. 

Let  Jf'=  the  total  weight  of  the  train; 
2i'  =  the  weight  of  the  rope; 
C  =  -^  =  the  coefficient  of  friction; 
a   —  the  grade,  per  cent. ; 
T  =  the  tension  in  the  rope  in  pounds. 

Then,    T  ^  0^^)  +  ^^  ( ^^>  «')•  (200.) 

Example. —  20  loaded  cars  weigh  4,000  pounds  each,  and  the  hauling- 
rope  is  5,000  feet  long  and  weighs  .88  pound  per  foot.  What  is  the 
tension  in  the  rope  at  the  moment  the  engine  hauls  away  from  the 
bottom  of  the  incline,  the  grade  being  3  per  cent.? 
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Solution. — The  tension  due  to  friction  is  equal  to 

(20  X  4.000)  -f  (5,000  X  .88)  ^  ^  ^^^  ^^ 

The  tension  due  to  gravity  is  equal  to 

.03  [(20  X  4,000)  +  (5,000  X  .88)]  =  2,532  lb.; 

and,  therefore,  the  total  tension  in  the  rope  is 

2,110  -f  2,582  =  4,642  lb.     Ans. 

The  total  tension  can  be  found  by  substituting  the  values  in 
formula  )200 ;  thus, 

(20  X  4.000)+ (5.000  X  .88)  _^  ^^  ^^^  ^  ^^^  ^  ^^^  ^  ^^^  ^  ^  ^  ^^ 

Example. — Suppose  that  the  train  in  the  previous  example  is  made 
to  run  with  a  velocity  of  12  miles  an  hour.  What  would  be  the  horse- 
power required  to  do  this  work  ? 

12  X  5  280 
Solution. — The  velocity  of  the  train  is  — ^~ =  1,056  feet  per 

minute.  The  tension  in  the  rope  was  found  to  be  4,642  lb.  Hence, 
if  1,056  be  multiplied  by  4,642,  the  product  will  be  the  number  of  foot- 
pounds of  work  per  minute  the  engine  must  do,  and  if  this  product  be 
divided  by  33,000,  the  quotient  will  be  the  horsepower  required. 

Thus.  H.P.  =  ^^3-^if^  =  148.5H.P.     Ans. 

2349.  There  is  one  peculiarity  in  the  solutions  that  have 
just  been  arrived  at,  and  that  is  the  taking  of  the  full  weight 
of  the  rope.  The  student  will  observe  that  the  engine  must 
only  overcome  the  total  weight  of  the  rope  at  the  moment 
of  starting  the  run,  and  at  the  finish  of  the  run  the  weight 
of  the  rope  has  no  effect ;  therefore,  the  mean  weight  of  the 
rope  against  the  engine  is  half  the  total  weight.  It  would, 
therefore,  appear  that  the  total  weight  of  the  rope  should 
not  be  taken ;  but  it  so  happens  that  as  the  weight  of  the 
rope  reduces,  the  leverage  against  the  engine  increases. 
The  engine  begins  to  haul  with  an  empty  drum,  and  as  the 
rope  rolls  on,  the  radius  of  the  drum  increases,  and,  there- 
fore, if  the  engine  runs  at  a  constant  speed,  the  speed  of  the 
train  quickens  as  the  rope  shortens.  For  this  reason,  the 
correct  average  of  resistance  is  found  by  taking  the  total 
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weight  of  the  rope  throughout  the  run  as  an  offset  to  the 
increasing  radius  of  the  drum. 

Example. —  25  loaded  cars  weigh  4,600,  pounds  each,  the  length  of 
the  engine-plane  is  6,000  feet,  the  weight  of  the  rope  per  foot  is 
1.2  pounds,  the  grade  of  the  incline  is  5  per  cent.,  and  the  velocity  of 
the  train  is  13  miles  per  hour.  What  is  the  tension  in  the  rope  and 
the  required  horsepower  of  the  engine  ? 

Solution.—    ;r  =  2r>  x  4,600  =  115,000  lb. ; 

7£/ =1.2x6,000=     7,2001b. 

Substituting  these  values  in  formula  200,  we  have 

T— -^ -\-a{\\  -f-7f')- 

n5^^-fj^200  ^  05^115  QQQ  ^  7  2QQ)  ^  9  ^1^5  ^h,    Ans. 

The  velocity  of  the  train  is  ^-^ — -^ =  1,144  ft,  per  min. ;  there- 

fore,  the  horsepower  is   *     *         ' =  317.7  H.  P.     Ans. 

23SO.  The  weight  of  the  rope  is  such  an  important 
factor  in  the  loss  of  useful  effect  on  an  engine-plane,  that  if 
the  work  is  run  off  at  a  high  velocity  with  a  rope  of  light 
weight,  it  can  be  done  with  a  less  expenditure  of  energy. 
To  prove  this,  suppose  the  same  amount  of  work  must  be 
run  off  as  in  the  previous  example,  but  at  a  rate  of  double 
the  speed  and  with  a  rope  of  one-fourth  the  weight;  what 
horsepower  is  required  to  do  the  work  with  the  lighter 
rope  ? 

One-half   of   W  in    the  preceding  example  is   — ~ = 

At 

7  200 
57,500.     One-fourth    of    w    is    -- — =  1,800  lb.,    and    the 

velocity   per    minute    is,   for    20    miles   an    hour,    equal    to 
20  X  5,280 


GO 


=  2,288  ft.     Using  formula  200,  we  have 

57,500  +  1,^00  ^  ^^  (57^500  _|.  i^gQo)  =  4,447.5  lb., 
40 

and  2.2-H8  xM47^.'i  ^  30^^  H.  P.     Ans. 

33.000 
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From  this  calculation,  it  is  plain  that  the  loss  of  useful 
effect  due  to  the  heavy  rope  is  equal  to  317.7  —  308.4  = 
9.3  H.  P. 

235  !•  Engine-plane  haulage,  like  all  other  systems,  is 
capable  of  being  modified  for  special  conditions,  and  some- 
times these  modifications  are  of  great  importance.  For 
example,  the  modifications  may  be  such  as  to  closely  approxi- 
mate to  some  of  the  modes  of  action  of  a  main  and  tail  rope 
haulage.  In  such  a  case,  the  haulage  from  four  or  more  dis- 
tricts in  a  large  mine  is  done  with  separate  ropes,  that  are 
made  attachable  and  detachable  with  coupling-sockets.  The 
haulage  will  be  done  with  what  are  practically  tail-ropes, 
because  they  are  used  for  hauling  from  the  engine  instead 
of  to  it,  the  shafts  being  situated  in  a  shallow  basin  of  such 
a  character  that  the  loaded  trains  will  run  by  gravity  to  the 
shaft,  but  have  not  sufficient  fall  to  haul  the  empty  trains 
away  into  the  different  stations  in  the  workings.  Each  dis- 
trict rope,  therefore,  takes  the  exact  form  of  a  tail-rope,  for 
if  the  cars  are  hauled  into  four  districts  A,  By  C,  and  Z>,  at 
each  of  the  stations  there  is  fixed  a  return  wheel  for  the  dis- 
trict tail-rope.  To  haul  into  any  one  of  the  districts,  the 
method  of  coupling  is  as  follows:  One  end  of  the  rope  is 
coupled  with  a  socket  to  the  rope  on  the  drum,  and  the 
other  end  is  coupled  onto  the  inner  end  of  the  empty  train 
for  hauling  in.  The  engineer  then  receives  the .  signal, 
**  Haul  into  A  station,"  and  when  the  train  arrives  the  rope 
is  knocked  off  and  attached  to  a  full  train,  and  the;i  the 
signal  is  given  to  the  engineer,  **Drop  away  the  full  train 
from  A  station. " 

This  is  a  cheap  and  efficient  system,  where  the  conditions 
are  such  as  have  been  stated. 

2362*  The  district  rope  system  of  engine-plane  haulage 
is  also  adopted  in  cases  where  the  seam  and  the  workings 
advance  up  grade  from  one  side  of  the  shaft  and  down  grade 
from  the  other,  and  the  seam  is  pitching  sufficiently  for  the 
empty  train  to  fall  one  way  and  for  the  full  train  to  fall  the 
other.     The  power  required  to  do  the  work  of  this  variety 


60  MINE  HAULAGE.  §  32 

of  engine-plane  haulage  is  worthy  of  careful  consideration. 
First,  the  rope  is  balanced,  for,  on  hauling  away  from  the 
hoisting-shaft,  the  rope  lies  along  one  side  of  the  track, 
reaching  to  the  return  wheel,  and  the  rope  from  the  return 
wheel,  lying  in  the  middle  of  the  track,  reaches  to  the  engine 
near  the  shaft.  Therefore,  no  allowance  need  be  made  for 
resistance  due  to  the  weight  of  the  rope,  further  than  that 
twice  the  weight  of  one  side  of  the  rope  is  taken  to  find  the 
resistance  due  to  friction.  Second,  the  only  resistance  due 
to  gravity  is  that  of  the  train  of  empty  cars.  The  following 
example  shows  how  the  horsepower  is  found  for  a  haulage 
of  this  character: 

Example. — What  horsepower  is  required  to  haul  80  empty  cars  along 
an  incline  4,000  feet  long,  having  a  grade  of  3  per  cent.?  An  empty 
car  weighs  1,400  pounds,  the  weight  of  the  rope  per  foot  of  length  is 
.88  pound,  and  the  maximum  velocity  of  the  train  is  12  miles  per  hour. 

Solution.— The  weight  of  the  rope  is  4,000  X  2  X  .88  =  7,040  lb., 
and  the  weight  of  30  empty  cars  is  equal   to  1,400  X  30  =  42,000  lb. 

(lV-h7C')      (42.000  4-7,040)       ,  ooa  ik     m  •.  a        .     /  •  .• 

5^ ,,, -  =  - —     -^^ -  =  1,226  lb.,  the  resistance  due  to  friction, 

40  4U 

and  aiy  =  .03  X  42,000  =  1,260  lb.,  the  resistance  due  to  gravity.    Then, 

1,226  -f- 1,260  =  2,486  lb.,  the  tension  in  the  rope.     Again,  12  miles  an 

5  280  X  12 
hour  is  equal  to  -— — 7,^v =  1,056  feet  per  minute;    therefore,    the 

.     1.056  X2.4«6       ,.r,rroTr  t>       a 
required  horsepower  is  -  —  ...r/u^^j =  79.552  11.  P.     Ans. 

2353.  From  the  foregoing,  the  following  equation  gives 
the  tension  in  the  rope  of  an  engine-plane  having  a  return 
rope : 

T=^^'-f^  +  am  (201.) 

Also,  if  T' =  velocity  in  feet  per  minute,  and //=  the  horse- 
power, the  following  equation  gives  the  horsepower  required 
to  operate  the  plane : 

^  =  ^0-  (202.) 

The  student  should  here  carefully  note  that  in  this  case  the 
resistance  due  to  gravity  is  .03  JT  instead  of  .03  (/F+  n'), 
as  in  the  other  cases;  if  he  observes  the  reason  for  this 
difference,  he  will  avoid  future  causes  of  perplexity. 
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TAIL-ROPE    SYSTEM. 


DESCRIPTION  OF  THB  SYSTBM. 

2354.     There  are  four  classes  of  roads  on  which  this 
system  of  haulage  may  be  adopted  with  success,  namely: 

Level  roads. 
Undulating  roads. 
Roads  of  small  pitch. 

Roads  on  which  alternate  levels  and  relatively  high  pitches 
occur. 

2355*  The  mode  of  action  that  characterizes  this 
system  is  that  of  a  special  provision  for  hauling  in  opposite 
directions.  This  is  secured  by  means  of  two  ropes,  called, 
respectively,  the  main  and  tail  ropes.  Another  feature  of 
this  system  is  its  adaptability  for  hauling  trains  of  cars  to 
and  from  all  the  gathering-up  stations  of  the  different  dis- 
tricts in  a  mine.  In  hauling  to  the  hoisting-shaft,  it  is  clear 
that  the  destination  is  the  same  for  every  loaded  train,  from 
whatever  gathering-up  station  it  may  come;  and  as  the 
hauling-engine  is  either  located  in  the  neighborhood  of  the 
shaft,  or  the  hauling-ropes  enter  the  mine  through  the  shaft, 
it  is  clear  that  the  rope  that  is  always  pulled  in  one  direction 
towards  the  shaft  will  have  some  specific  name,  and  this 
name  is  main  rope ;  that  is,  it  is  the  one  rope  that  does 
the  hauling  out  of  every  district  to  the  shaft.  Hence  its 
name,  main^  or  chief  rope,  or  rope  that  is  always  used  for 
hauling  to  one  point.  The  same  can  not  be  said  of  any  of 
the  tail-ropes,  for  they  are  used  for  hauling  to  different  sta- 
tions. To  realize  what  their  use  is,  suppose  that  there  are 
five  gathering-up  stations,  A^  By  Cy  D,  and  £;  then,  to  haul 
to  the  A  station,  a  special  district  tail-rope  is  required,  for 
this  rope  must  pull  in  the  direction  of  the  A  station  only,  or 
the  station  to  which  the  train  must  go.  This  being  so,  the 
tail-rope  for  A  will  not  do  for  B,  neither  will  the  B  rope  do 
for  the  A  station.  The  same  is  true  of  the  other  three  sta- 
tions. Therefore,  if  it  is  intended  to  haul  out  of  five  dis- 
tricts, five  tail-ropes,  or  one  for  each  station,  are  required 
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The  tail-ropes,  then,  are  peculiar  to  the  districts  for  whose 
haulage  they  are  used. 

2356*  A  very  good  idea  of  the  use  of  the  tail-rope  may 
be  obtained  from  a  study  of  Fig.  843.  In  this  case,  a  train  of 
cars  is  supposed  to  be  running  on  a  level  road  hauled  by  the 
engine  A  to  the  shaft.  It  is  clear  that  without  a  reverse  or 
tail  rope,  this  engine  could  not  be  applied  to  haul  an  empty 
train  back  to  B;  therefore,  in  the  absence  of  a  tail-rope 
engine,  the  engine  B  must  do  the  return  hauling.  It  will 
readily  be  seen  that  the  rope  running  onto  the  drum  of  the 
engine  A  takes  the  place  of  the  main  rope,  and  the  rope  run- 
ning onto  the  drum  of  the  engine  B  takes  the  place  of  the 
tail-rope;  yet,  it  is  not  truly  a  tail-rope,  for  the  one  is  as 
much  a  main  rope  as  the  other. 

The  chief  lesson  this  figure  teaches  is  the  difference 
between  this  system  of  haulage  and  that  of  the  engine-plane. 
In  the  latter,  gravity  did  the  work  that  is  done  in  the  former 
by  the  tail-rope.  As  on  a  level  plane  there  is  no  force  like 
the  earth's  gravity  to  return  the  train  to  the  point  whence 
it  is  hauled  by  the  engine  A^  the  engine  B  is  made  to  do  the 
tail-rope  or  return  haulage. 

2357.  Fig.  844  shows  how  the  return  haulage  is  done 
with  a  tail-rope.  It  will  be  noticed  that  the  two  drums  on 
the  engine  at  the  left-hand  side  of  the  figure  are  for  winding 
the  two  haulage-ropes.  For  example,  c  is  the  drum' for  the 
main  rope  and  d  is  the  drum  for  the  tail-rope.  The  main 
rope  is  coupled  to  the  front  of  the  train  of  cars,  and  is  seen 
to  be  hauling  them  to  the  shaft.  The  tail-rope,  on  the  other 
hand,  is  uncoiling  from  its  drum  and  passing  along  the 
side  of  the  track  on  rollers  at  a^  a,  a^  and  ultimately  it  is 
seen  passing  around  the  return  sheave  at  S  to  the  rear  end 
of  the  train  to  which  it  is  attached. 

Fig.  845  is  an  illustration  of  how  the  return  sheaves  are 
erected  at  the  gathering-up  stations  at  the  ends  of  the 
haulage  districts. 

2358«  Having  so  far  given  a  general  description  of  this 
system  of  haulage,  it  next  becomes  important  to  notice  the 
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use  and  relationship  of  certain  mechanical  details  with  which 
the  student  must  be  familiar  before  he  can  claim  to  have  an 
intimate  acquaintance  with  this  system  of  haulage.  For 
example,  it  is  not  enough  that  he  should  know  that  two 
hauling-drums  are  used,  but  he  should  thoroughly  under- 
stand the  special  work  for  which  each  is  intended.  It  is  not 
difficult  to  conclude  that  one  of  them  is  for  the  coiling  and 
uncoiling  of  the  main  rope,  and  the  other  to  do  the  same 
for  the  tail-rope,  for  it  so  happens  that  while  one  coils  on, 
the  other  uncoils.  For  example,  when  the  main  rope  is 
coiling  on,  the  engine  is  engaged  in  hauling  coal  to  the 
shaft  from  one  of  the  stations,  and,  therefore,  as  the  main 
rope  is  coiling  on,  the  tail-rope  must  be  uncoiling.  As  the 
train  is  approaching  the  shaft,  it  is  hauling  in  its  rear 
the  tail-rope;  when  the  train  has  reached  the  bottom  of  the 
hoisting-shaft,  the  tail-rope  is  uncoupled  from  its  rear  and 
attached  to  the  front  of  an  ingoing  empty  train,  and  at  the 
same  time  the  main  haulage-rope  is  uncoupled  from  the 
loaded  train  and  coupled  to  the  rear  of  what  is  now  the  in- 
going empty  train.  To  effect  a  change  in  the  direction  of 
haulage,  the  tail-rope  drum  is  thrown  into  gear,  the  main- 
rope  drum  is  thrown  out  of  gear,  and  the  engine  hauls  in 
the  empty  train  with  the  tail-rope.  The  empty  train  now 
pulls  in  the  main  rope  to  do  the  work  of  hauling  out  the 
next  loaded  train,  just  as  the  loaded  train  pulled  out  the  tail- 
rope.  It  has  just  been  stated  that  the  drum  for  the  main 
rope  is  uncoupled  from  the  engine,  and  the  tail-rope  drum 
is  coupled  to  the  engine  to  haul  in  the  empty  train.  This 
statement  suggests  some  mechanical  arrangement  for  con- 
necting, and  disconnecting  the  hauling-drums  with  the 
engines.  This  operation  is  technically  known  as  clutching  in 
and  out  of  gear.  For  instance,  to  haul  in,  the  tail-rope 
drum  is  clutched  onto  the  engine,  and  the  main-rope  drum 
is  thrown  out  of  gear.  To  haul  the  cars  out,  the  drum  of 
the  main  rope  is  clutched  onto  the  engine,  and  the  tail-rope 
drum  is  thrown  out  of  gear.  It  might  be  thought  that 
clutching  one  drum  and  throwing  the  other  out  of  gear  is 
all  that  the  engineer  must  do.     Such,  however,  is  a  mistake, 
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for,  when  passing  over  certain  inequalities  in  the  road  in 
hauling  in  or  hauling  out,  the  engineer  must  put  the  brake 
on  the  drum  that  is  out  of  gear,  to  keep  the  rope  reasonably 
tight,  and  prevent  the  possibility  of  it  uncoiling  and  kinking, 
for  it  is  destructive  to  a  rope  to  allow  it  to  uncoil  itself. 

2359*  So  far,  then,  as  the  drums  are  concerned,  the 
matter  is  clear  enough,  but  the  coupling  of  the  engines  to 
the  drums  is  a  matter  that  requires  more  than  passing  at- 
tention. There  are  two  modes  of  gearing  up  the  engines 
for  hauling.  In  some  cases,  the  hauling  is  done  with  second- 
motion  engines;  that  is,  the  drum  and  the  engines  are  on 
different  'shafts.  In  such  a  case,  the  engines  are  said  to  be 
on  the  second  motion,  the  engine  and  the  drums  being  geared 
so  that  the  engine  makes  two  or  more  revolutions  to  one 
revolution  of  the  drum.  This  permits  smaller  engines  to  be 
used  than  when  the  engines  and  the  drums  are  on  the  same 
shaft,  in  which  case  the  engines  are  on  the  first  motion.  If 
the  same  amount  of  work  is  to  be  done  in  each  of  the  two 
cases,  the  engines  on  second  motion  must  be  run  at  a  higher 
speed  than  the  engines  on  first  motion.  The  latter  are  made 
larger  in  size,  and  consume  the  same  amount  of  steam  in  a 
given  time  that  the  small  engines  do  while  running  at  a  higher 
speed.  Now,  it  might  be  thought  that  the  question  of  engines 
on  the  first  and  second  motions  is  not  of  much  importance ; 
but  such  is  a  mistake,  for  in  large  and  extensive  mines  it  is 
important  that  the  hauling-engines  be  put  on  the  first  motion, 
where  the  roads  will  permit,  as  they  are  required  to  run 
heavy  trains  with  despatch,  and  make  up,  for  the  extra  length 
of  road,  for  the  time  occupied  in  socketing  and  unsocketing 
the  tail-ropes  and  for  unpreventable  delays  at  the  different 
stations. 

2360.  The  next  matter  that  must  be  considered  is  that 
of  the  tail-ropes  for  the  different  districts,  so  that  the  meth- 
ods of  socketing  and  unsocketing  them  with  the  general 
tail-rope  of  the  engine  may  be  understood.  To  make  the 
explanation  clear,  Fig.  846  is  introduced.  Here  the  general 
haulage  of  the  mine  is  divided  into  five  gathering-up  stations; 
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namely,  A,  7J,  C,  D,  and  E.  In  the  diagram  a  loaded  train 
is  seen  to  be  leaving  the  gathering-up  station  B  on  its  way 
to  the  hoi  sting -shaft.  The  drum  for  the  main  rope  is  shown 
at  R,  and  the  main  rope  is  seen  along  the  middle  of  the  road. 
From  the  tail-rope  drum  marked  t,  the  tail-rope  is  seen  to 
advance  along  the  lower  side  of  the  principal  haulage-road, 
enter  the  entry  B  by  the  deflecting  sheaves  e,  and  then  pass 
up  along  the  right-hand  side  of  the  entry  to  the  return 
wheel  w,  around  which  it  passes,  and  returns  to  the  rear  of 
the  train  to  which  it  is  attached.  On  looking  at  district  A, 
it  is  seen  that  both  sides  of  the  tail-rope  from  the  return 
wheel  reach  to  the  entrance  of  the  station,  where  the  two 


ends  are  seen  lying  ready  for  attachment.  Tin;  same  appears 
in  districts  C  and  D.  On  looking  thoughtfully  at  these  tail- 
ropes,  a  moment's  reflection  will  enable  the  student  to  un- 
derstand that  if  the  train  is  hauled  out  from  the  shaft  to  }\ 
it  can  be  disconnected  from  the  11  tail-rope,  and  conneeted 
with  the  (Tone  by  the  socket  at  the  off -take  station,  and  by 
this  means  hauled  into  station  C.  In  this  way,  disconnec- 
"  tions  and  connections  can  be  made  for  running  into  any  of 
the  other  stations.  It  is  plain  that  to  haul  into  any  district, 
a  change  must  be  made  in  the  tail-rope  sockets  at  the  en- 
trance to  it, 
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2361*  There  are  two  methods  in  practice  for  socketing 
and  unsocketing  the  tait-ropes.  In  the  first  and  oldest  one,  the 
connections  are  made  when  the  train  arrives  at  the  entrance 
to  the  district  into  which  it  is  intended  to  go.  In  the  second 
method,  all  the  district  connections  are  broken  continuously 
up  to  the  entrance  of  the  district  for  which  the  train  is  des- 
tined. For  example,  suppose  the  last  train  arrived  out  of  dis- 
trict A.  The  coupler  for  station  A  uncouples  his  district 
tail-rope  and  couples  up  the  general  tail-rope  to  run  past  his 
station ;  the  other  couplers  do  the  same,  except  the  one  who 
has  signaled  for  the  next  train.  He  uncouples  the  general 
tail-rope,  couples  up  the  tail-rope  of  his  district,  and  then  sig- 
nals for  the  engineer  to  "  run  in,"  and  the  train  runs  con- 
tinuously from  the  shaft  into  the  required  station  without  a 
stop.  This  system  of  socketing  is  decidedly  the  best,  because 
it  prevents  all  unnecessary  delay,  and  never  produces  a  hitch 
when  an  efficient  code  of  signals  is  adopted.  Again,  the 
system  secures  great  economy  in  steam,  for  the  engine  is 
kept  running  almost  continuously. 

2362.  Figs.  847,  848,  and  849  show  different  methods  of 
socketing.  In  cases  like  these,  a  main  or  general  tail  rope  is 
used  for  all  the  entries.     The  connections,  in  the  case  of 
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Fig.  847,  are  made  when  the  empty  cars  come  in  to  ^. 
The  rider  unsockets  the  lead  rope  at  If,  and  sockets  on  the 
entry- rope  at  I/'.  At  the  same  time  he  breaks  the  connection 
at  a,  and  couples  on  the  rope  a'.  He  then  signals  to  the 
engineer  to  haul  into  the  required   gathering-up  station. 
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The  pulling  out  of  the  loaded  cars  is  done  by  simply  revers- 
ing the  operation. 

2363*  In  Fig.  848  another  method  of  socketing  is 
adopted ;  but  this  can  only  be  put  in  practice  in  exceptional 
cases.  The  intention  of  this  arrangement  is  to  reduce  the 
number  of  sockets.  The  coupling  of  the  parting  tail-rope 
to  the  main  rope  is  made  at  c.  The  main  rope  is  also  un- 
coupled at  <2,  and  the  rope  b  is  coupled  onto  the  train. 
Then  the  train  can  be  hauled  into  the  gathering-up  station 
in  the  parting.  Fig.  849  illustrates  the  branch  connections 
for  coupling-up,  so  as  to  run  right  through  from  the  shaft 
into  the  station.  The  operation  of  uncoupling  and  coupling 
is  done  at  one  place.  The  ropes  a  and  b  are  uncoupled  from 
the  train  coming  in  the  main  road,  and  ropes  a^  and  V  are 
coupled  on.  That  portion  of  the  main-roadway  rope  lying 
between  the  coupling-point  and  the  sheaves  lies  idle  in  and 
alongside  the  road.  

CALCULATIONS  FOR  TAIL-ROPB  HAULAGB. 

2364.  The  calculations  for  the  tension  in  the  rope  and 
the  horsepowers  required  for  main  and  tail  rope  haulage  re- 
quire modifications  that  are  not  applied  in  other  systems  of 
haulage.  For  example,  instead  of  gravity  increasing  the 
tension  in  all  cases,  it  sometimes  decreases  it,  and,  therefore, 
becomes  a  negative  quantity.  To  make  all  these  differences 
clear,  however,  the  conditions  occurring  will  be  explained 
in  every  case.  The  meaning  and  use  of  the  letters  in  the 
expressions  are  as  follows: 

W  =  the  total  weight  of  the  loaded  train ; 
lV^  =  the  total  weight  of  the  empty  train; 
w  =  the  weight  of  the  rope ; 
C   =  -^  =  the  coefficient  of  friction ; 
a    =  the  grade  per  cent. ; 
T  =  the  tension  in  the  main  rope  in  pounds; 
T^  =  the  tension  in  the  tail-rope  in  pounds. 

2365.  The  weights  per  linear  foot  of  the  main  and  tail 
ropes  are  sometimes  different;  sometimes  the  main  rope  is 
the  heavier,  and  at  other  times  the  tail-rope  is  the  heavier. 
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In  all  cases,  however,  the  difference  is  small,  and  for  that 
reason  the  weight  will  be  taken  as  the  same  in  the  following 
examples,  unless  otherwise  stated.  Again,  when  an  empty 
train  leaves  the  hoisting-shaft,  the  weight  of  the  moving  tail- 
rope  is  equal  to  twice  that  due  to  the  distance  from  the  shaft 
to  the  gathering-up  station,  and  when  the  train  reaches  the 
gathering-up  station,  the  weight  of  the  rope  moving  is  still 
equal  to  twice  the  length  of  the  journey,  because  then  one 
length  of  the  main  rope  lies  in  the  middle  of  the  track,  and 
an  equal  length  of  the  tail-rope  lies  on  the  side  of  the  track. 
Therefore,  the  weight  of  rope  in  motion  is  never  more  or 
never  less  than  that  due  to  twice  the  length  of  the  track 
from  the  shaft  to  the  terminus  to  which  the  train  must  be 
,  hauled.  For  this  reason,  the  weight  of  rope  due  to  twice 
the  length  of  the  track  will  be  taken  in  each  case. 

2366*  The  tensions  in  the  main  and  tail  ropes  are  calcu- 
lated on  the  longest  runs  and  on  the  maximum  up  grades  of 
the  roads.  In  cases  where  the  haul  to  the  shaft  is  down 
grade,  and,  conversely,  the  haul  to  the  gathering-up  station 
is  up  grade,  the  greatest  tension  falls  on  the  tail-rope. 

When  the  ropes  weigh  the  same  per  linear  foot,  the  ten- 
sion in  the  main  rope  may  be  found  by  formula  201.  The 
tension  in  the  tail-rope  is  found  by  the  same  formula,  except 
that  the  weight  of  the  empty  train  is  to  be  used.  That  is, 
using  the  notation  of  Art.  2364, 

Example. — The  greatest  length  of  main  and  tail  rope  haulage  in  a 
certain  mine  is  6,500  feet,  and  the  tracks  are  perfectly  level.  The 
weight  per  foot  of  the  main  rope  is  .7  pound,  the  weight  per  foot  of 
the  tail-rope  is  .6  pound,  the  full  cars  weigh  5,000  ix)unds,  the  empty 
cars  weigh  1,800  pounds,  and  the  trains  consist  of  20  cars.  What  are  the 
tensions  in  the  main  and  tail  ropes  ?  If  the  average  speed  of  the  trains 
is  10  miles  an  hour,  what  is  the  horsepower  of  the  hauling-engine,  due 
to  the  maximum  tension  of  the  ropes  ? 

Solution. — The  weight  of  the  train  of  loaded  cars  is  20  X  5,000  = 
100,000  lb.  The  combined  weight  of  the  two  ropes  is  (.7-+-.6)X 
6»500  =  8,450  lb.     The  tension  in  the  main  rope  is 

T^  ( IV  +  ^)  ^  (100.000  +  8.4501  ^  ^^     ^ 

4U  W 
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The  weight  of  the  train  of  empty  cars  is  equal  to  1.800  X  20  =• 
36.000  lb.  The  joint  weight  of  the  ropes  is  (.6  -h  .7)  X  6.500  =  8.450  lb., 
as  before 

Then.'       r=<«^:±^  =  ?«i^-8^  =  1,111.25  lb.. 

the  tension  in  the  tail-rope.    Ans. 

According  to  the  conditions  of  the  example,  the  horsepower  must 

be  calculated  from  the  maximum  tension.     The  speed  of  the  train  is 

5  280  X  10 
10  miles  an  hour,  or  ~ — — =r  880  feet  per  minute.    Then,  applying 

formula  202, 

Tv    _  2.711.25  X  880  _ 
~  33,000  ~         33,000         ~  • 

2367.  It  sometimes  occurs  that  a  portion  of  a  haul- 
age-road is  up  grade,  and  there  the  maximum  strain  on  the 
rope  takes  place. 

Example. — On  a  short  portion  of  a  main  and  tail  rope  haulage  the 
main  rope  must  haul  a  train  of  30  loaded  cars  up  a  grade  of  4  per  cent. 
What  is  the  maximum  tension  in  the  main  rope  when  a  full  car  weighs 
5,000  pounds,  the  main  rope  weighs  1.2  px>unds  per  foot,  the  tail-rope 
weighs  .88  pound  per  foot,  and  the  length  of  the  track  is  5,600  feet  ? 

Solution.— The  weight  IV  of  the  train  is  5,000  X  80  =  150,000  lb., 
and  the  weight  w  on  the  ropes  is  (1.2  h-  .88)5,600  =  11,648  lb.  Then, 
applying  formula  201, 

^      (W+w)         ...      (150,000  4-11,648)       ..      ...n/^A      ^AA>.ioit. 

T  —  ^ .J, '-  +  aW=^^     — Z--^  ---h  .04x150,000  =  10,041.2  lb., 

40  4U 

the  maximum  tension  in  the  rope  under  the  given  conditions.     Ans. 

2368.  When  a  haulage-road  only  runs  up  grade  for  a 
short  distance,  it  is  the  practice  to  accelerate  the  speed  of 
the  train  a  little  before  reaching  the  rising  ground,  and  then 
by  its  inertia  the  train  is  carried  over  with  no  other  loss 
than  that  of  a  reduced  velocity,  which  it  soon  recovers. 
The  horsepower  is,  however,  increased  for  this  short  length 
of  up-grade  Work  in  the  following  proportion: 

Let  /  =  the  full  length  of  the  road ; 

/,  =  the  short  length  of  the  up-grade  road; 
P=  the  horsepower  required  for  level  track; 
P^=-  the  increased  horsepower. 

Then,  />,  =  ^l^L+Il,  (203.) 
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The  increased    tension   in   the   rope    due    to  the    local 

up-grade   inclination   of   the   road   will   very  seldom  equal 

the  tension  due  to  friction  alone;  therefore,  the  expression 

given  in  formula  203  is  sufficient;  but  where  the  inclination 

is  so  great  as  to  require  a  higher  tension  than  that  due  to 

friction,  then  the  increase  of  power  is  found  by  a  special 

calculation. 

Example. — ^A  main  and  tail  rope  haulage-road  is  for  five-sixths  of 
its  length  level,  but  in  hauling  out  to  the  shaft,  J  of  the  length  of  the 
road  is  up  grade.  If  the  road  was  all  level,  the  haulage  could  be  done 
with  an  80-horsepower  engine.  What  should  be  the  power  of  the 
engine  according  to  formula  Z03  ? 

Solution. — Substituting  in  formula  203,  we  have 

In  this  connection,  it  must  be  understood  that  the  up 
grade  encountered  is  but  slight,  and  that  the  speed  of  the 
train  on  the  level  is  accelerated  so  as  to  carry  the  train  along 
by  inertia.  In  any  case,  the  formula  gives  only  approxi- 
mate results. 

2369*  Example. — In  a  main  and  tail  rope  haulage  in  a  certain 
mine  all  the  roads  leading  to  the  shaft  have  a  mean  fall  of  3  per  cent., 
the  greatest  length  of  run  is  equal  to  4,862  feet,  and  the  mean  velocity 
is  12  miles  an  hour.  The  hauling-ropes  weigh  .88  pound  per  foot, 
the  trains  consist  of  25  cars,  each  loaded  car  weighs  5,000  pounds,  and 
an  empty  car  weighs  1,900  pounds.  What  is  the  tension  in  the  main 
and  tail  ropes,  respectively,  and  what  is  the  required  horsepower 
of  the  hauling-engine  ? 

Solution. — To  find  the  tension  in  the  main  rope,  the  gravity  force 
due  to  the"  pitch  of  the  incline  must  be  treated  negatively,  because  it 
reduces  the  tension  in  the  rope ;  then,  formula  201  becomes 

^      IV-^  w         ... 

J  = a  IV.  * 

40 

Since  W=  5,000  X  25  =  125,0001b.,  w  =  4,862  X  2  X.88  =  8,557.12  lb., 
3  =  jfj  =  .03,  we  have 

^^  ^H-  zc.  _  ^  ^ ^  (125.000  +  8..557.12)  _         ^  ^  ^ 

40  4U 

—  411.072  lb.,  the  negative  tension  in  the  main  rope.     Ans. 

This  means  that  not  only  is  there  no  tension  in  the  main  rope,  but 
an  excess  of  gravity  force  equal  to  411.072  lb.,  which  will,  without  the 
engine,  run  the  train  at  a  high  velocity. 
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The  gravity  force  in  the  case  of  hauling  the  train  of  empty  cars  Is 
positive,  because  they  are  made  to  ascend  the  incline ;  hence,  we  can 
apply  formula  201  directly  to  find  the  tension  in  the  tail-rope. 

IV,  =  1,900  X  25  =  47,500  lb. ;  w  =  4.862  x  2  X  .88  =  8,557.12  lb.,  and 
a  =  yj^  =  .08.     Therefore, 

r.  =  i^4+^ +<,  f*-,  =  <iI-^,8i5r^H?)  +  .03  X  47.500  =  2.826.428  lb.. 

the  tension  in  the  tail-rope.     Ans. 

No  horsepower  is  exerted  through  the  medium  of  the  main  rope, 
because  the  tension  is  negative ;  but  by  using  formula  202,  the  horse- 
power exerted  through  the  tail-rope  can  be  found.    As  the  velocity 

,  ^     5,280  X 12       ,  ^.^  ,    ^  .     ^  , 

IS  equal  to ^  =  1,056  feet  per  minute,  we  have 

Tv    _  2,826.428  X  1.056  _^,,  ^j  t^      Ao 
^  "■  33,000  ~  33,000  ~  ^'     ^ 

2370.  Let  us  observe  the  importance  of  calculating  the 
tensions  in  the  main  and  tail  ropes.  It  is  evident  that  if  the 
main  rope  is  a  very  light  one,  not  only  will  the  engine  be 
better  balanced,  but  great  economy  will  accrue  from  the  use 
of  a  less  costly  rope.  In  a  case  like  this,  however,  it  is  better 
to  reduce  to  a  minimum  the  size  of  the  main  rope,  and  to 
increase  the  size  and  weight  of  the  tail-rope  to  equalize  the 
work  of  the  engine.  This  conclusion  will  be  clearly  evident 
in  the  next  example. 

Where  the  haulage-roads  have  a  fall  towards  the  bottom 
of  the  shaft,  it  is  evident  that  the  full  cars  will  furnish  a 
gravity  force  that  is  negative  to  the  general  resistance,  and 
that  the  difference  between  the  weight  of  the  ascending 
heavy  tail-rope  and  the  descending  light  main  rope  will 
furnish  a  gravity  force  that  is  positive  to  the  general  re- 
sistance. 

Under  these  conditions,  the  tension  in  the  main  rope 
becomes 

where  zu^  =  the  difference  in  the  weights  of  the  ropes,  and 
the  other  letters  represent  the  same  values  as  given  to  them 
in  Art.  2364. 
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To  find  the  tension  in  the  tail-rope,  the  same  formula  is 
used,  except  that  the  second  term  must  be  added.     That  is, 

^.  =  --W^  +  ^0^.-  «'.)•  (205.) 

Example. — If  in  the  example  of  Art.  2369,  the  main  rope  and 
tail-rope  weigh  .6  pound  and  3.65  pounds  per  foot,  respectively,  what 
will  be  the  tension  in  each  rope,  and  what  will  be  the  required  horse- 
power of  the  haulage-engine  ? 

Solution. — Using  formula  204,  we  have 

^      PV-\-w          ,,.-          .      5,000  X  25  +  4,862  (8.65  4- .6)       .„ 
/  =  — ^ a  {tV-'w,)  = ^ .08 

[125,000  -  4,862  (3.65  -  .6)]  =  336.46  lb.  = 
the  tension  in  the  main  rope.     Ans. 

To  find  the  tension  in  the  tail-rope  use  formula  205.  In  this  case, 
IVi  =  1.900  X  25  =  47,500 ;   hence, 

7-1  =  ^'^>^'^-^J^'^^'^  +  .03  (47.500  -  14.829.1)  =  2,684.2  lb.     Ans. 

Using  formula  202,  we  have 

rr__jy    _836^xM)56_ 

33,000"         33,000  -  i"o  n.  r., 

the  horsepower  required  for  the  haul  out  with  the  main  rope.    Ans. 

the  required  horsepower  for  the  tail-rope  haulage.     Ans. 

2371.  From  the  example  just  worked  out,  some  inter- 
esting lessons  are  learned.  The  first  is,  that  the  tension  in 
the  ropes  under  the  greatest  stress  does  not  much  exceed 
one  long  ton ;  further,  the  weight  of  a  rope  and  the  weight 
of  a  train  may  become  negative  to  the  resistance  of  friction. 
Again,  the  energy  that  is  lost,  when  a  portion  of  the  gravity 
force  due  to  the  inclination  of  the  road  is  wasted  by  using  a 
brake,  may  be  utilized  by  adjusting  the  weights  of  the  ropes 
to  retain  it. 

In  the  example  of  Art.  2369,  the  horsepower  was  found 
to  be  90.44,  and  in  the  example  in  Art.  2370  it  is  85.9. 
Therefore,  90.44  —  85.9  =  4.54  horsepower  is  saved  by  in- 
creasing the  weight  of  the  tail-rope.  More  than  this  could 
be  saved  by  further  reducing  the  weight  of  the  main  rope, 
and  further  increasing  the  weight  of  the  tail-rope,  where,  as 
in  this  case,  there  is  a  down  grade  to  the  shaft. 
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2372*  In  main  and  tail  rope  haulage  it  is  important 
that  the  maximum  velocity  of  the  trains  should  never  exceed 
12  miles  an  hour,  for  three  very  important  reasons:  (1)  the 
tracks  are  costly  to  keep  in  repairs  when  the  velocities  ex- 
ceed the  limit  just  given;  (2)  high  speeds  are  destructive  to 
the  cars,  and,  therefore,  increase  the  haulage  cost  per  ton; 
(3)  derailing  is  more  frequent  at  high  speeds  than  low  ones. 
As  the  maximum  speed  must  be  kept  within  a  safe  working 
limit,  the  number  of  cars  in  a  train  is  determined  by  five 
important  factors,  all  of  which  are  variable,  or  different  in 
different  mines.  Before  estimating  the  number  of  cars  that 
should  be  attached  in  a  train,  the  values  of  the  factors  just 
referred  to  must  be  known.     They  are : 

1.  The  output  of  the  mine  in  tons  of  coal  per  day. 

2.  The  mean  lengths  of  the  roads. 

3.  The  weight  of  coal  a  car  will  carry. 

4.  The  number  of  trains  that  can  be  run  out  of  the 
different  districts. 

5.  The  number  of  tons  of  coal  each  haulage  district  can 
produce, 

2373.     The  values  of  the  factors  are  found  as  follows : 

The  prospective  output  of  the  mine  is  found  by  estimating, 
on  the  basis  of  present  practice,  how  much  more  is  possible. 

The  lengths  of  the  roads  are  calculated  prospectively  from 
the  attainable  lengths  measured  on  the  map  of  the  available 
field. 

The  cars  are  made  to  carry  such  weights  as  the  dimen- 
sions of  the  hoisting-shafts  and  the  heights  of  the  haulage- 
roads  will  allow. 

The  number  of  trains  is  found  as  follows: 

(a)  Find  the  mean  of  all  the  lengths  of  the  districts,  each 
being  measured  from  the  shaft  to  the  making-up  stations. 

{b)  Multiply  the  mean  length  of  the  districts  by  3,  for  the 
following  reasons:  A  journey  of  full  cars  out  and  empty 
cars  in  is  equal  to  double  the  length  of  a  district  road,  and 
to  compensate  for  unpreventable  and  unforeseen  delays, 
another  addition  must  be  made  to  the  length  of  the  track. 
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and,  therefore,  the  mean  length  of  the  district  roads  must  be 
multiplied  by  3. 

(c)  Find  the  number  of  feet  a  point  in  the  rope  will  pass 
through  in  one  working  day.   Suppose,  for  example,  the  mean 
speed  of  the  rope  is  12  miles  an  hour,  and  that  the  time  of  one 
day  is  10 hours;  then,  5,280  X  12  X  10  =  633, 600 feet,  thedis 
tance  a  point  in  the  rope  will  move  through  in  10  hours. 

(d)  Divide  the  distance  a  point  in  the  rope  would  move 
through  if  kept  continually  in  motion  by  3  times  the  mean 
length  of  the  district  roads,  and  the  quotient  will  be  the 
number  of  trains  that  can  be  hauled  out  per  day. 

Example. — How  many  trains  can  be  run  out  by  a  main  and  tail 
rope  haulage  in  one  day  of  10  hours,  the  speed  of  the  rope  being 
12  miles  an  hour,  and  the  lengths  of  five  districts  being  as  follows: 

A  =5.012  feet; 
^  =  4,654  feet; 
(7  =  8,278  feet; 
Z)  =  7,101feet; 
i?  =  2,794feet. 

Solution.—    6.012  +  4,654  +  8,278  +  7.101  +  2.7d4  =  22,889. 

22,839  H-  5  =  4,567.8,  the  mean  length. 

5  280  V  12  V  10 
Then,     '  a  rarr  H  y  <^ —  ^  46.28,  or,  practically,  47  trains  per  day.     Ans. 

To  find  the  number  of  cars  in  a  train,  divide  the  output  in 
tons  per  day  by  the  number  of  trains^  multiplied  by  the  tons  of 
coal  a  car  will  carry  ;  the  quotient  will  be  the  number  of  cars 
in  a  train. 

Example. — The  output  of  a  mine  is  2.000  tons  of  coal  per  day;  the 
number  of  trains  to  haul  out  this  quantity  is  47.  If  one  car  carries 
2  tons,  how  many  cars  must  there  be  in  a  train  to  do  the  work  ? 

2  000 
Solution. —     -^ — ^  =  21.276,  or,  as  there  can  not  be  a  fraction,  the 

number  is  22  cars  in  a  train ;  or,  combining  the  examples, 

2,000      6.280  X 12  X 10      «,  ^«        ^^  ,  ,    ,  . 

"^ ^  •    A  K.ai  Q — ^ —  =  21.68,  or  22,  nearly,  as  before.     Ans. 

a  4,0w7.o  X  ^ 

Example. — The  following  particulars  are  required  for  the  con- 
struction of  a  haulage  plant  on  the  principles  of  main  and  tail  rope: 

(a)    The  number  of  trains  that  can  be  run  out  per  day. 

{b)    The  number  of  cars  in  a  train. 

(r)    The  horsepower  of  the  haulage-engine. 
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The  calculations  must  be  based  on  the  following  particulars: 
1.    Six  district  haulage-rords,  A,  B,  C,  D,  Ey  and  K  the  lengths  of 
which  are  to  be  as  follows: 

A  =6,784  feet  long; 
^  =  4,250  feet  long; 
C'  =  8,276  feet  long; 
Z)  =  3,560  feet  long; 
£"  =  5,720  feet  long; 
F  =  7,963  feet  long. 

2l  The  mean  up  grade  to  the  shaft  is  2  per  cent. 

3.  The  output  is  8,000  long  tons  of  coal  in  10  hours. 

4.  The  cars  each  carry  2^  tons. 

5.  The  speed  of  the  train  is  10  miles  an  hour. 

6.  An  empty  car  weighs  1,900  pounds. 

7.  The  weight  of  one  foot  of  the  rope  is  1.56  pounds. 

Solution. — (a)  The  distance  a  point  in  the  main  haulage-rope  will 
run  in  10  hours  is  5,280  x  10  X  10  =  528,000  ft. 

To  find  the  number  of  trains  that  can  be  run  out  in  a  day,  this  last 
product  is  divided  by  three  times  the  mean  length  of  the  haulage-roads. 
The  mean  length  is 

(6,784  +  4,250  +  8,276  4-  3,560  +  5,720  +  7,963)  -*-  6  =  6,092J  ft. 

Hence,  the  number  of  trains  is 

528  000 
«  naol Q  =  28.89,  or,  practically,  29  trains.     Ans. 

(b)  To  find  the  number  of  cars  in  a  train,  the  output  is  divided  by 
the  number  of  trains  multiplied  by  the  number  of  tons  a  car  will 
carry. 

Thus,   -   -  -^^  =  41.4  Cars,  ^,r,  practically,  42  in  a  train.     Ans. 

(c)  Remembering  that  the  output  is  in  long  tons,  the  weight  of  a 
loaded  car  will  be  (2,240  x  2.5)  -f  1,900  =  7,500  lb.     Therefore, 

W=  7,500  X  42  =  315,000 lb.,  and  7u  =  1.56  X  6,092.16  X  2  =  19,007.54 lb. 

Substituting  these  values  in  formula  201,  we  have 

T=  illL+JLl  +  a  W,  or  («1».<^  +  19.007.54)  ^  ^  ^  g^^^^  ^ 
40  40 

14,650.19  lb. ;  the  velocity  of  the  trains  is  equal  to   '"^  ^ —  =880 

feet  per  minute. 
Substituting  in  formula  202,  we  have 

^-»£,^-^i^^-— ■■-■  -"■ 
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TAII.-ROPB  COI7Pi.ING8. 

2374.  Fig.  850  shows  a  tail-rope  coupling 
for  connecting  the  different  sections  of  the 
rope  to  run  the  train  into  a  given  district. 
There  are  many  different  coupling-links  in  use, 
and  they  all  aim  at  securing  three  things: 

First,  to  make  a  secure  and  reliable  connec- 
tion. 

Second,  to  provide  a  coupling-link  that  will 
knock  as  little  as  possible  on  the  rollers,  and 
not  injure  the  coils  of  the  rope  on  the  haul- 
ing-drum. 

Third,  to  furnish  a  coupling  in  which  the 
connection  can  be  made  and  unmade  in  as  short 
a  period  of  time  as  possible. 

The  coupling  shown  in  Fig.  850  is  one  of  the 
simplest  and  oldest  in  use,  and  it  is  here  given 
to  explain  the  general  principle  involved,  but 
§  not  as  a  model  of  a  good  socket.  Sockets  and 
2  couplings  must  be  seen  in  use  to  be  understood 
in  their  mode  of  action,  but  the  following 
figures  furnish  a  general  idea  for  a  student  in 
pursuit  of  a  knowledge  of  the  important  de- 
tails. This  form  of  coupling  is  even  yet  ex- 
tensively used;  it  consists  of  two  goose-neck 
fastenings  M  and  M  made  in  the  form  of  a 
pair  of  trough-shaped  tongs,  riveted  by  three  or 
four  rivets  to  the  end  of  the  ropes,  and  con- 
nected by  the  links  TV,  iV,  and  (7,  as  shown. 
The  wires  at  the  end  of  the  ropes  should  be 
either  welded  or  soldered  for  an  inch  or  so  to 
prevent  untwisting,  or  otherwise  the  rope  will 
draw  out. 


2376.  The  hauling-ropes  for  engine  and 
gravity  planes  and  for  the  main  and  tail  rope 
planes  have  securely  fastened  on  their  ends, 
caps  or  sockets  for  coupling  them  up  with  th^ 
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trains.  Fig.  851  is  an  illustration  of  the  simplest  coupling 
of  this  character.  It  consists  of  what  is  called  the  goose- 
neck socket  M  and  a  clevis,  or  hook,  P^  connected  with  a  cap, 
or  socket,  of  the  rope  by  means  of  the  link  Q.  This  clevis, 
or  shackle,  is  attached  to  the  coupling-bar  of  the  car  by 
means  of  the  pin  R.  An  arrangement  of  this  character, 
however,  is  attended  with  serious  difficulties  in  practice,  for, 


Pig.  851. 

in  the  event  of  the  cars  being  suddenly  stopped,  the  rope 
coils  under  the  point  of  attachment  and  kinks  and  becomes 
permanently  injured.  To  remove  the  possibility  of  such  an 
occurrence,  a  length  of  15  or  20  feet  of  chain  is  connected 
with  the  clevis  and  the  socket  J/,  and  a  swivel  K  (see  Fig.  852) 
is  provided  to  let  out  any  excessive  twist  that  may  exist  in 
the  rope.  It  will  be  seen  that  the  socket  attached  to  chain  b 
in  Fig.  852  differs  in  character  from  that  attached  to  the 
chain  a.  The  socket  on  the  chain  b  is  the  one  preferred  in 
general  practice,  and,  therefore,  the  mode  of  securing  the 


rope  to  this  socket  is  illustrated  by  Fig.  853.  The  shell  of 
this  socket  is  something  like  a  hollow  conical  tube,  and  lor 
making  the  connection  the  mode  of  proceeding  is  as  follows: 
The  end  of  the  rope  is  pushed  through  the  shell  of  the 
socket,  and  then  partly  uncoiled,  when  one  of  three  things 
is  done.  First,  tapered  wedges  are  driven  in  between  the 
strands  and  the  core,  as  shown  in  Fig.  853  (a) ;  or  the  core 
is  taken  out,  and  a  tapered  plug  is  driven  in  the  center  of 
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the  strands,  as  shown  in  Fig.  853  (d);  or  the  strands  are 
partly  uncoiled,  as  shown  in  Fig.  853  (r),  and  drawn  into 
the  shell  tightly,   when   molten  lead  or  babbitt   metal   is 


Pig.  858. 

poured  in,  and  this  fills  up  the  interstices  and  makes  a  plug 
so  solid  and  firm  that  it  can  not  be  drawn  through  the  shell. 
The  result  is  that  the  connection  is  made  as  strong  as  the 
rope.  

KNOCK-OFF  LINKS  OR  DBTACHING-HOOKS. 

2376*  It  is  sometimes  necessary  to  detach  the  rope 
from  the  cars  when  they  are  in  motion  and  when  the  rope 
is  tight.  To  do  this,  special  knock-off  devices  are  applied. 
Fig.  854  is  an  illustration  of  a  knock-off  device,  in  which  a 


Fig.  854. 

pin  A  is  set  in  the  bill  of  the  hook;  this  keeps  the  link  B  in 
position.  The  moment,  however,  the  pin  A  is  withdrawn, 
B  is  forced  back  into  the  hinge  of  the  hook  at  the  right  side 
of  the  figure,  and  now  the  bill  C  turns  on  the  hinge  under- 
neath the  connecting-link,  and  slips  the  rope. 
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In  Fig.  855  is  shown  a  knock-off  link  that  can  be  operated 
by  hand.     When  a  detachment  is  necessary,  the  lever  .^  is 


pulled  upwards,  and  then  the  clevis,  or  hook,  takes  the  posi- 
tion shown  by  the  dotted  lines,  and  the  ro]>e  slips  off. 

Fig.  8r.fi  is  an  illus- 
tration of  a  hand-de- 
laching  arrangement 
very  similar  in  char- 
acter to  the  previous 

Fig.  857  is  an  illus- 
tration    o£    an    auto- 
matic    detaching     or 
disengaging  hook. 
F'"-  «>*  In    this    case,    instead 

of  the  lever  being  operated  by  hand,  one  arm  of  a  bell-crank 
lever  is  made  to  detach  the  rope  by  striking  a  beam  5,  as 
seen  in  the  upper  portion  of  the  front  end  of  the  car.  The 
knock-off  girder  />'  is  set  across  the  track,  and  so  fixed  that  a 
train  passing  under  it  causesa  bell-crank.'I  tostrike  against 
B,  when  the  lever  C  disconnects  the  clevis  and  sets  the  rope 
and  its  coupling  free. 

Fig.  85R  is  another  illustration  of  an  automatic  detachment, 
but,  unlike  the  others,  it  does  not  break  the  connection  until 
the  engine  stops.  The  moment  the  car  attempts  to  overrun 
the  chain,  the  clevis  detaches  the  rope,  or  rather  the  link  G 
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slides  o£E  the  hook  at  H,  and  the  rope  falls  to  the  ground. 


Pic.  8S7. 
and  leaves  the  train   free   to  run   farther  on  by  its  own 
momentum. 

2377*  The  engines  and  drums  for  main  and  tail  rope 
haulage  are  not  always  situated  in  the  mines,  for  there  the 
steam  is  either  produced  by  boilers  situated  in  the  mines — 
which,  to  say  the  least,  is  a  dangerous  practice — or  the  steam 
is  conducted  in  pipes  from  the  surface.  However  well  the 
pipes  are  protected,  there  is  a  great  loss  of  energy  due  to  the 
radiation  of  heat  from  the  steam,  and,  therefore,  it  is  better, 
if  possible,  to  locate  the  hauling-engines  at  the  surface,  and 
conduct  the  hauling-ropes  down  the  shaft  or  slopes  into  the 
mine.  In  some  cases,  the  ropes  are  conducted  through  bore- 
holes; where  this  is  done,  great  advantages  are  often  secured, 
for  sometimes  by  this  method  a  large  amount  of  local  haul- 
age can  be  effected  that  would  otherwise  have  to  be  done 
by  mules.  At  other  times,  it  secures  the  advantage  of  a 
very  much  shorter  rope.  It  might  be  thought  that,  by 
locating  the  engines  at  the  surface  and  conducting  the  ropes 
through  shafts  or  bore-holes,  a  difficulty  would  arise  with 
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the  signals  between  the  gathering-up  stations  and  the  engi- 
neer, and  between  the  gathering-up  stations  and  the  "  make 
and  break "  boys  at  the  entrances  to  the  district  roads 
Experience,  however,  has  disapproved  the  conclusion,  inso- 
much that  the  signals  are  found  to  be  as  perfectly  given  and 
as  perfectly  received  as  they  would  be  if  given  from  the 
gathering-up  stations  to  the  engineer  in  the  mine.  The  neces- 
sity of  accuracy  in  signaling  can  be  readily  appreciated  when 


the  student  remembers  that  many  of  the  roads  are  undula- 
ting, and  require,  on  the  part  of  the  engineer,  great  care  to 
prevent  the  trains  overrunning  the  main  rope  on  the  one 
hand  and  the  tail-rope  on  the  other,  when  the  trains  are  run- 
ningdown  grade.  Witha  propercodeof  signals,  and  with  the 
engineer  duly  informed  of  the  characteristic  down  grades  of 
the  several  districts,  the  trains  are  kept  well  under  control. 
In  some  cases,  double  tracks  have  been  tried  for  main  and 
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'tail  rope  haulage ;  but,  so  far,  such  a  mode  of  proceeding  has 
been  found  to  be  neither  prudent  nor  economical,  as  wide 
roads  must  be  expensively  secured,  and  in  many  cases  middle- 
timbered.  This  is  expensive  enough,  but  it  is  only  a  frac- 
tion of  a  greater  expense  that  is  sure  to  arise  in  cases  where 
a  train  running  at  a  velocity  of  10  or  12  miles  an  hour  be- 
comes derailed,  and  runs  into  the  timber  and  draws  it  out. 
Then,  if  the  roof  is  at  all  tender,  it  caves  in,  and,  before  the 
falling  stone  can  be  removed  and  the  roof  can  be  resecured, 
a  great  loss  arises  from  the  stoppage  of  the  work,  in  ad- 
dition to  the  great  expense  of  retimbering.  Single  roads 
are  better  for  main  and  tail  rope  haulage,  and  the  single- 
road  system  is  what  gives  to  the  main  and  tail  rope  haulage 
its  preference  over  other  systems. 


BNDI.ESS.ROPB   SYSTEM   OF   HAULAGE. 


DBSCRIPTION  OP  THB  8Y8TBM. 

2378.  The  endless-rope  system  of  haulage  can  often 
be  substituted  with  advantage  for  either  of  the  other  three 
systems  previously  mentioned.  The  underlying  principle 
of  its  action  is  that  the  haulage  is  done  by  a  band  or  a  series 
of  bands  of  rope  that  operate  the  cars  like  an  elevator-chain 
does  the  elevator-buckets.  To  realize  this,  let  the  loaded 
cars  take  the  place  of  the  full  elevator-buckets,  then  the  in- 
verted and  empty  buckets  are  the  exact  analogue  of  the 
empty  cars;  for  on  one  side  of  the  endless  rope  there  are  full 
cars  moving  progressively  to  the  shaft,  and  on  the  other  the 
empty  cars  are  moving  inwards  to  the  workings.  In  another 
sense,  the  principle  of  action  of  the  elevator  and  the  endless- 
rope  haulage  is  alike;  that  is,  the  buckets  on  the  endless 
chain  of  the  elevator  are  set  separately  and  at  equal  'dis- 
tances along  the  sides  of  the  chain-belt,  and  in  much  the 
same  way  the  cars  attached  to  the  endless  rope  are  set 
separately  at  fixed  distances  along  the  rope,  the  full  cars 
being  attached  to  one  side  of  the  band  of  rope  and  the  empty 
Ques  to  the  other. 
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2379*  A  good  illustration  of  the  arrangement  of  the 
rope-band,  in  reference  to  three  of  its  most  important 
features,  is  shown  in  Fig.  859. 

1.  The  engine  and  the  grooved  wheels  for  clutching  the 
rope  for  hauling  are  seen  in  plan  in  the  upper  portion  of 
the  figure,  and  in  elevation  in  the  lower  portion.  It  will  be 
noticed  that  the  engine  is  located  at  one  side  of  the  tracks. 

2.  The  two  parts  of  the  endless  rope  are  seen  'between 
each  of  the  two  tracks,  for  the  purpose  of  hauling  in  opposite 
directions,  as  shown  by  the  arrows,  which  indicate  that  the 
loaded  cars  are  moving  outwards  along  the  lower  track  to 
the  shaft,  while  the  empty  cars  are  moving  inwards  to  the 
workings,  as  indicated  by  the  arrow  on  the  upper  track. 

3.  A  tail-wheel  C  is  provided  to  form  the  inner  loop 
or  end  of  the  rope-band;  hence,  the  two  sides  of  the  endless 
rope  run  along  their  respective  tracks  and  around  the  tail- 
wheel  C  and  the  grooved  wheels  of  the  engine  at  A  and  D, 

Two  other  important  provisions  designed  to  keep  the  rope 
tight  are  as  follows:  First,  the  tension-weight  D.  This  is 
employed  to  keep  the  rope-band  tight  on  the  grooved  grip- 
wheels;  for  if  this  is  not  done  the  rope  will  slip  and  the  engine 
will  be  incapable  of  doing  its  work.  Second,  the  tail  or  re- 
turn wheel  C  is  made,  by  means  of  a  tension-balance,  to 
keep  the  inner  loop  of  the  rope  tight;  for  should  one  of  the 
sides  of  the  rope-band  be  allowed  to  run  slack,  then  the  grips 
attached  to  the  cars  lose  their  hold  of  the  rope,  and  the  haul- 
age on  that  side  of  the  band  ceases.  It  will  be  seen  that 
several  deflecting  sheaves  are  required  for  the  engine  end 
that  are  not  necessary  for  the  tail-sheave  end.  The  reason 
for  the  difference  is  evident;  for  example,  the  sheave  C  can 
be  made  to  slide  in  a  frame  inwards  or  outwards  as  the  tension 
of  the  band  requires  adjustment,  but  the  engine  and  the 
grip-wheels  can  not  be  made  to  slide  in  this  manner;  conse- 
quently, the  tension-balance  truck  /^has  a  wheel  mounted  on 
its  top,  and  this  forms  a  loop  on  one  of  the  sides  of  the  rope- 
band.  Should  the  band  slacken,  the  truck  D  descends  the 
incline  by  its  weight  and  tightens  the  rope,  and  should  the 
rope  become  for  a  moment  over-tight,  then  the  tension-bal- 
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ance  truck  D  rises  and  releases  the  stress.  The  deflecting 
sheaves  /%  C,  H^  /,  etc.,  are  necessary  for  the  fixed  engine, 
but  are  not  required  for  the  tail-wheel  C, 


2380.     Fig.  860  is  a  plan  of  a  typical  endless-rope  haul- 
age with  a  single  band.     At  the  right-hand  end  of  the  figure 

the  tracks  5  and  s  begin  at  the  hoisting- 
shaft.  The  engine  is  located  at  E^  and 
the  sides  of  the  rope  from  the  grip-wheels 
are  seen  to  pass  round  the  deflecting 
wheels  zf,  w.  The  tail,  or  return,  wheel 
is  shown  at  7".  The  direction  of  the 
motion  of  the  loaded  cars  /,  /,  /,  etc.,  is 
towards  the  hoisting-shaft,  as  indicated 
by  the  arrows,  and  the  direction  of  the 
empty  cars  e^  e,  e^  etc. ,  is  inwards  to  the 
working  face,  as  shown  by  the  arrows. 
In  this  figure,  the  similarity  of  the  end- 
less-rope haulage  to  that  of  the  elevator 
endless  chain  and  buckets  is  plainly  seen, 
.  and  yet  there  are  three  particulars  in  the 
8  mode  of  action  in  which  the  endless-rope 
2  haulage  differs  from  the  elevator  chain  and 
buckets. 

1.  The  buckets  of  the  elevator  are  per- 
manently fastened  to  the  chain-belt; 
whereas,  in  the  case  of  the  endless  rope, 
the  cars  are  only  temporarily  attached. 

2.  In  the  case  of  the  endless  rope, 
the  cars  are  detached  at  the  hoisting-shaft 
end  of  the  loop  and  passed  on  to  the  cage, 
and  the  empty  cars  from  the  surface  are  at- 
tached to  the  ingoing  side  of  the  rope-band. 

3.  At  the  tail-wheel  end  of  the  rope- 
band  the  empty  cars  are  detached  and 
sent  into  the  workings  to  be  refilled, 
while  loaded  cars  from  the  workings  are 

continually  being  attached  to  the  outgoing  side  of  the  rope 
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to  be  carried  forwards  to  the  hoisting-shaft.  The  elevator 
chain  and  buckets  are  self-filling  and  self-emptying,  while 
the  cars  of  the  endless-rope  haulage  are  continually  in 
process  of  being  attached  and  detached.  That  is  to  say, 
at  the  tail-wheel  or  inner  end  the  empty  cars  are  continu- 
ally being  detached  and  the  full  cars  are  being  attached, 
while  at  the  outer  or  shaft  end  of  the  endless-rope  band  the 
full  cars  are  always  being  detached  and  the  empty  cars  are 
being  attached. 

2381.  Fig.  800  shows  an  endless  rope  with  a  single 
band.  Sometimes  surface  haulages  of  this  character  extend 
for  miles  over  undulating  ground.  In  the  mines,  however, 
it  seldom  occurs  that  a  single  band  is  sufficient  for  the  entire 
haulage  of  a  seam,  and,  therefore,  several  deflecting  bands 
are  necessary.  When  this  is  the  case,  the  tail-wheel  for  the 
main  or  principal  band  is  made  to  act  as  a  grip  or  fleet 
wheel,  and  to  rotate  by  suitable  gearing  another  fleet-wheel, 
which  hauls  from  the  workings  the  cars  coming  to  the  main 
band.  Therefore,  the  geared  fleet-wheel  for  the  local  haul- 
age is  made  so  that  it  can  be  clutched  in  and  out  of  action 
to  prevent  needless  running  when  the  supply  of  loaded  cars 
from  any  district  is  not  sufficient  to  keep  this  secondary 
band  continually  moving.  Sometimes  the  main  band  is 
continued  forwards  in  its  advance  into  the  workings,  and 
deflecting  grip-wheels  are  fixed  at  the  entrances  to  all  the 
districts  it  passes.  When  this  arrangement  is  used,  four  or 
five  deflecting  bands  bring  their  contents  to  one  main  band. 
The  statement  of  this  fact  suggests  that  the  cars  on  the 
main  band  must  run  at  a  higher  velocity  than  those  on  the 
branching  bands,  and,  in  addition,  that  the  cars  on  the  dis- 
trict bands  must  be  set  at  greater  distances  apart,  because 
the  main  band  must  run  off  the  cars  from  all  the  districts. 

Since  qualifications  of  this  character  are  necessary,  it  is 
clear  that  the  relative  velocities  of  the  secondary  bands  of 
rope  must  be  properly  adjusted,  or  the  haulage,  instead  of 
being  a  success,  will  be  a  failure.  Sufficient  has  been  said 
to  furnish  a  general  description  of  the  points  which  give  to 
the  endless-rope  haulage  its  individuality. 
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2382*  The  conditions  under  which  endless-rope  haul- 
age can  be  applied  in  mines  to  secure  special  advantages 
must  next  be  considered. 

1.  A  gravity-plane  worked  with  an  endless  rope  gives 
better  all-round  results  than  a  plane  worked  with  two  ropes 
and  two  trains,  because  with  the  endless  rope  there  is  prac- 
tically no  liipit  to  the  length  of  the  haulage  which  can  be 
done  by  gravity.  As  was  stated  previously,  when  two 
ropes  are  used,  the  weight  of  the  rope  attached  to  the  empty 
train  at  the  commencement  of  the  run  soon  becomes  suf- 
ficient to  counterbalance  the  weight  of  the  coal. 

2.  Ordinary  gravity-planes  can  only  be  made  efficiently 
self-acting  on  a  down  grade  for  the  loaded  cars,  whereas  an 
undulating  plane  with  endless  rope  that  alternately  pitches 
in  opposite  directions  can  be  made  self-acting  by  gravity,  if 
it  has  a  general  fall  sufficient  to  counteract  the  friction  due 
to  traction. 

3.  The  united  advantages  of  an  endless-rope  gravity-plane 
are  such  that  it  works  efficiently  wherever  the  two-rope 
system  answers,  and  it  works  and  gives  satisfactory  results 
where  the  two-rope  system  fails ;  that  is,  on  very  long  planes 
and  on  planes  pitching  in  opposite  directions,  yet  having  a 
sufficient  general  fall. 

4.  The  general  haulage  of  a  mine  can  be  dorie  by  gravity 
through  the  medium  of  an  endless  rope,  where  the  ordinary 
gravity-plane  could  not  be  applied. 

5.  More  work  can  be  accomplished  at  a  mine  by  the 
endless-rope  system  than  by  an  engine-plane,  because  the 
**run  back  "  on  an  engine-plane  is  done  by  gravity,  and  un- 
less the  pitch  is  sufficient  to  produce  a  high  speed,  only  a 
relatively  small  amount  of  work  is  done,  and  where  the 
pitch  is  considerable,  a  large  amount  of  work  is  wasted  in 
lifting  a  long,  heavy  rope. 

6.  In  some  cases,  where  an  engine-plane  is  down  grade  to 
the  shaft,  and  so  long  that  the  two-rope  gravity-plane  will 
not  act,  and  engine-power  must  be  employed  to  assist 
gravity,  the  endless  rope  will  act  and  give  satisfactory  results 
without  the  aid  of  steam-power. 
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7.  All  the  haulage  that  is  done  by  the  main  and  tail  rope 
system  can,  where  the  roof  and  floor  will  permit,  be  done 
better  and  more  cheaply  by  the  endless-rope  system,  because 
the  work  can  be  run  out  of  all  the  different  districts  the 
same  as  with  the  main  and  tail  rope,  yet  with  a  smaller 
expenditure  of  motive  power. 

8.  Haulage  by  the  endless-rope  system  is-  cheaper  on 
undulating  roads  than  the  main  and  tail  rope,  because  the 
only  work  expended  in  the  haulage  is  that  of  traction  and 
the  gravity  of  the  mean  pitch. 

9.  With  the  endless-rope  haulage,  there  is  no  congestion 
at  the  gathering-up  stations,  and  no  delays  due  to  several 
districts  calling  for  cars  at  the  same  time ;  for  the  endless 
rope  secures  a  continual  output  of  full  cars  and  a  continual 
income  of  empty  ones  to  keep  the  work  progressing. 

2383*  So  far,  attention  has  been  given  to  the  typical 
endless-rope  system.  There  are  in  practice  several  modifi- 
cations of  it,  specially  intended  to  adapt  it  to  conditions  in 
which  the  double  track  can  not  be  used,  as  where  the  roof 
and  floor  are  tender,  and  can  not  be  kept  secure  without 
risk  and  great  expense.  These  modifications  aim  at  using 
a  single  track  instead  of  a  double  one.  In  this  case,  the 
diffusion  of  the  cars  along  the  tracks  must  be  dispensed 
with,  and,  in  lieu  of  this,  several  cars  are  made  to  run  in 
trains.  For  this  arrangement  to  answer  with  an  endless 
rope,  two  special  provisions  must  be  made.  First,  partings, 
or  pass-bys,  must  be  provided  at  frequent  intervals  along  the 
track ;  second,  automatic  grips  must  be  used,  so  that  when  a 
train  enters  a  pass-by,  the  grip  that  secures  it  to  the  rope 
is  automatically  unloosened,  and  the  train  stands  until  a 
train  moving  in  an  opposite  direction  reaches  the  point  in 
the  track  that  is  exactly  opposite  to  that  of  the  train  in  the 
parting.  Then  the  grip  of  the  standing  train  must  auto- 
matically reclose,  and  allow  it  to  move  on  to  the  succeeding 
pass-by.  The  pass-by  and  the  automatic  grip  are  only  differ- 
ent substitutes  for  securing  the  advantages  of  the  typical 
endless  rope  with  double  tracks.     These  modifications,  how- 
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ever,  do  not  remove,  but  only  reduce  the  danger  and  expense 
of  making  and  maintaining  double  tracks,  for  double  tracks 
are  made  at  the  partings.  They  are  expensive  to  maintain 
and  keep  in  good  order,  and  experience  has  shown  that  the 
endless-rope  haulage  with  trains  and  numerous  partings  is 
not  only  not  an  improvement  on  the  main  and  tail  rope  sys- 
tem, but  is  not,  for  an  all-round  haulage,  equal  to  it. 

2384.     There  are  two  distinct  methods  of  arranging  the 
ropes  for  endless-rope  haulage.     In  one  of  them  that  has 


been  frequently  tried,  and  has  never  given  complete  satis- 
faction, the  rope  is  made  continuous,  both  for  the  main 
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roads  and  the  branching  roads.  To  show  the  meaning  of 
this,  Fig.  861  is  introduced.  Looking  at  an  arrow  at  the 
bottom  of  the  figure  near  the  letter  y,  it  will  be  seen  that 
the  rope  advances  to  its  utmost  limit  into  the  mine,  and  then 
returns.  When  it  reaches  the  entrance  to  a  district,  a  wheel 
is  fixed  under  the  rails  at  M  for  deflecting  the  rope  into  the 
district.  It  now  advances  to  the  return  wheel  for  that  dis- 
trict, and  then  comes  back,  as  shown  by  the  arrow  on  the 
left-hand  side  of  the  figure.  It  then  returns  by  the  main 
haulage-road,  as  shown  by  the  arrow  a  little  above  the  letter 
/.  For  running  cars  into  a  district  shown  in  the  figure,  the 
empty  cars  are  turned  in  by  the  switch  at  y,  which  is  in 
charge  of  a  switch-keeper.  The  empty  cars  run  on  until 
they  pass  over  the  roller  near  Z/^,,  where  the  grips  are  fixed 
to  the  rope.  Then  they  proceed  on  their  journey  into  the 
district  workings.  In  the  same  way,  when  cars  are  return- 
ing by  the  main  haulage-road,  the  connection  of  the  grips 
with  the  rope  is  unmade  at  /  near  the  deflecting  wheel  J/, 
and  the  cars  run  with  their  acquired  momentum  until  they 
nearly  reach  the  roller  /  at  the  left  side  of  the  figure;  here 
the  connection  is  remade,  and  the  loaded  cars  advance  on 
their  journey  to  the  hoisting-shaft. 

2386.  The  chief  disadvantage  of  this  system  is,  that  the 
rope  undulates  so  much  with  the  varying  tension  that  the 
cars  travel  unsteadily,  and,  in  consequence,  the  rope  is  soon 
damaged.  The  unsteadiness  arises  from  two  causes:  1.  On 
a  long  lead  of  rope  resting  on  rollers  sixty  feet  apart,  the 
vibrations  or  undulations  become  deep  and  rapid.  2.  The 
amount  of  elasticity  increases  with  the  length  of  the  rope. 
These  two  causes  give  to  the  cars  the  jerky  movement  that 
has  just  been  referred  to.  The  worst  of  all  is,  that  the 
longer  this  continuous  hand  of  rope  is  made,  the  heavier  the 
rope  must  be  for  the  increased  traction,  and  the  jerks  due  to 
such  a  heavy  rope  become  stronj^^cr  and  more  pronounced 
in  their  character  than  those  produced  by  a  light  rope. 
The  system  of  using  a  continuous  band  for  a  main  and  dis- 
trict haulage  is  not  a  good  one ;  this  becomes  more  evident 
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when  compared  with  the  system  in  which  the  haulage  is 
done  with  a  series  of  bands.  When  a  district  rope  breaks,  it 
only  causes  a  local  stoppage,  whereas,  when  a  continuous 
band  breaks,  the  whole  of  the  mine  haulage  is  interrupted 
and  stopped  until  the  connection  is  remade. 

2386.  The  endless-rope  system  that  is  worked  with  a 
series  of  bands  is  in  practice  preferable  to  all  others.  Its 
mode  of  action  is  shown  in  Fig.  862. 

For  the  convenience  of  explanation,  this  mode  of  hauling 
is  called  the  multiple-band  system.  Fig.  862  illustrates  the 
character  of  the  mechanism  by  which  the  secondary  or  dis- 
trict bands  are  actuated.  In  the  figure  it  will  be  seen  that 
at  the  junction  of  the  district  bands  with  the  main  ones,  re- 
peating fleet- wheels  are  used;  for  example,  at  w.  Fig.  862  (a), 
the  main  haulage-band  makes  two  complete  turns  round  that 
fleet-wheel,  and  then  continues  its  onward  course.  The  wheel 
^,  Fig.  862  (^),  around  which  the  main  rope  passes,  drives 
the  horizontal  fleet- wheel  m  through  the  bevel-gears  ^,  A. 

The  horizontal  fleet-wheel  is  seen  in  the  plan  at  the  left- 
hand  side  of  m  in  the  plan  of  the  roads.  By  this  repeating 
fleet-wheel  connection,  a  separate  district  band  is  made  to 
haul  the  loaded  cars  out  of  jW  along  the  track  /„  and  to  haul 
in  the  empty  cars  along  the  track  H^.  The  levers  ^  and  o 
are  applied  to  clutch  the  horizontal  fleet-wheel  in  and  out  of 
gear.  When  no  work  is  coming  out  of  district  M,  the  hori- 
zontal fleet-wheel  is  thrown  out  of  gear,  and  when  this  dis- 
trict haulage  is  required  it  is  put  in  gear.  The  advantage  of 
this  arrangement  is  that  the  stress  on  the  rope  of  the  main 
haulage-band  is  greatly  reduced,  for  it  seldom  happens  that 
all  the  district  bands  are  moving  at  one  time. 

2387.  Where  endless-rope  haulage  is  done  by  one  en- 
gine, the  stress  on  the  main  band  of  rope  is  very  great,  be- 
cause this  rope  must  sustain  the  stress  due  to  the  whole  of 
the  traction  of  the  mine.  Therefore,  the  rope  of  the  main 
bands  must  be  very  large  and  heavy,  or  otherwise,  after  it 
has  been  in  use  a  short  time,  it  is  liable  to  break  and  produce 
stoppages  and  delays  of  a  very  serious  character.     If  light 
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ropes  are  used  on  the  main  band,  waste  can  be  avoided  by 
taking  them  off  after  they  have  been  used  a  short  time,  and 
using  them  to  do  lighter  work  as  district  bands.     It  is  true 
that  this  can  be  done  with  heavy  ropes,  but  the  waste  of 
energy  due  to  the  use  of  heavy  ropes  may  be  at  once  per- 
ceived when  the  student  remembers  that  the  weight  of  these 
ropes   increases   the  traction   due  to  friction,  and  thereby 
largely  augments  the  cost  of  generating  the  motive  power. 
It  is,  however,  evident  that  if  only  one  engine  is  employed 
for  a  general  endless-rope  haulage  in  a  large  mine  with  a 
large  output,  all  the  difficulties  here  pointed  out  are  unavoid- 
able.    They  may,  however,  be  prevented  entirely,  and  the 
system  of  haulage  may  be  immensely  simplified  by  using 
electric  or  compressed-air  motors,  or  gasoline-engines,  for 
working  the  district  bands.     By  this  means,  two  great  ad- 
vantages are  secured.     First,  when  a  district  band  is  not  run- 
ning, there  can  be  no  waste  of  costly  energy,  and  when  the 
rope  is  running  the  haulage  can  be  done  quickly  or  slowly, 
according  to  the  exigencies  of  each  special  case,  thus  saving 
a  needless  waste  of  power.     Besides,  the  ropes  can  be  of  the 
lightest  character,  consistent  with  economy  and  efficiency, 
and  thus  the  tractive  force  can  be  reduced.     Perhaps  the 
following  remarks  will  clearly  illustrate  the  case  in  question  : 
Suppose  there  are  10  bands  of  rope  all  connected  with  re- 
peating fleet-wheels ;  then  the  main  bands  are  subjected  to 
the  stress  due  to  10  sectional  haulages.     Suppose,  again,  that 
all  the  bands  are  worked  by  separate  motors ;  then  each  rope 
will  only  require  a  strength  sufficient  to  do  its  own  special 
work,  which  will  be  one-tenth  of  the  whole.     Consequently, 
ropes  of  one-tenth  the  strength  will  do  the  haulage  as  effi- 
ciently as  the  large  rope  previously  noticed.     It  is  sometimes 
urged  that  transmitted  energy  is  attended  with  loss.     This 
is  true,  but  it  is  far  better  to  lose  25  or  30  per  cent,  of  the 
motive  steam-power  to  obtain  the  advantage  of  transmitted 
energy  by  which  separate  motors  are  used  for  each  band  of 
ropes,  because  the  tractive  force  is  reduced  by  the  reduction 
in  the  weights  of  the  ropes,  and  the  saving  of  energy  is  in- 
creased by  reducing  the  velocities  of  the  district  bands  to  a 
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speed  within  the  compass  of  the  work  to  be  done.  By  using 
gasoline-engines  for  the  district  haulages,  however,  there  is 
no  loss  due  to  transmitted  energy,  because  the  energy  re- 
quired is  generated  in  the  cylinder  of  the  engine. 

2388«  Extensive  systems  of  endless-rope  haulage  are 
sometimes  used  on  the  surface.  When,  as  sometimes  is  the 
case,  the  track  is  not  less  than  two  miles  in  length,  and  a 
great  weight  of  coal  must  be  carried  over  the  road,  it  is  neces- 
sary that  the  cars  should  be  set  at  relatively  short  distances 
apart.  The  result  is  that  a  heavy  tractive  force  falls  on  the 
rope.  It  can  scarcely  be  urged  that,  in  a  case  like  this,  a 
continuous  lead  should  be  broken  for  reducing  the  weight  of 
the  rope.  In  a  mine,  however,  this  reasoning  does  not  apply, 
because  there  a  single  band  can  not  be  used,  as  separate  bands 
are  required  for  each  of  the  districts  into  which  the  mine  is 
divided,  and  as  the  division  is  imperative,  all  the  advantages 
of  a  multiple  haulage  can  be  secured  by  using  separate  motors 
for  each  band.  To  do  these  separate  haulages,  however, 
electricity  or  compressed  air  must  be  used  to  transmit  en- 
ergy, or  gasoline-engines  must  be  used.  Which  of  these  three 
plans  may  be  preferred  depends  upon  the  conditions  met  with 
in  different  mines.  For  example,  the  transmission  of  elec- 
tric energy  would  sometimes  take  precedence.  This  being  the 
case,  it  might  be  suggested  that  it  would  be  wise  to  dispense 
with  the  ropes  altogether,  and  introduce  in  their  stead  elec- 
tric or  compressed-air  locomotives.  They  could  not,  how- 
ever, be  used  in  a  large  mine  with  a  large  output,  because 
the  trains  running  in  and  out  of  the  different  districts  would 
interrupt  one  another's  free  passage,  and  cause  great  delays 
in  the  contracted  roads  of  a  mine,  or  in  mines  where  the 
haulage  is  very  long,  and  principally  on  one  or  two  roads. 
The  same  may  be  said  of  compressed-air  locomotives.  Lo- 
comotives have  their  place  in  small  mines,  but  for  a  large 
output,  in  a  large  mine  with  a  number  of  districts,  no  system 
of  haulage  has  yet  been  introduced  that  furnishes  equal  facil- 
ities with  that  of  the  endless  rope.  It  does  its  work  cheaply 
and  efficiently  within   the  limits  of   the  ordinary  working 
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hours.  Locomotive  haulage  in  large  coal-mines  worked  in 
numerous  districts  is  altogether  out  of  the  question,  but  elec- 
tric or  compressed-air  motors  or  gasoline-engines  for  the 
main  and  district  haulage  give  to  the  endless-rope  system 
merits  that  are  unobtainable  by  any  other  means. 

2389«  Before  considering  the  mathematical  questions 
that  arise  in  reference. to  endless-rope  haulage,  there  are 
certain  details  in  the  appliances  of  the  system  that  are 
worthy  of  attention,  and  should  be  somewhat  comprehensive- 
ly understood  by  the  mining  student.  These  will  now  be 
described.  

TAIL.  OR  RETURN  SHBAVB8. 

2390.  As  previously  stated,  tail  or  return  sheaves  are 
fixed  at  the  inner  ends  of  the  tail-rope  haulage-roads  for 
reversing  the  direction  of  the  rope  and  leading  it  back  to 
the  hauling-drum.  Similar  sheaves  for  the  same  purpose 
are  used  for  the  various  bands  of  an  endless-rope  haulage 
system,  but  in  this  case  the  sheaves  are  mounted  on  cars, 
and  are  known  as  tension  or  balance  cars.  Their  mode  of 
action  will,  however,  be  taken  up  under  a  separate  head. 

2391*  Fig.  8G3  shows  a  horizontal  tail-sheave  which 
may  be  used  for  the  engine-plane  or  tail-rope  systems. 
The  cast-iron  spider  m  is  firmly  bolted  to  the  timbers  shown, 
and  is  provided  with  a  steel  or  wrought-iron  pin  n^  around 
which  the  sheave  o  revolves.  That  part  of  the  pin  which 
passes  through  the  spider  has  a  smaller  diameter  than  that 
which  passes  through  the  sheave,  so  that,  by  screwing  up 
the  nut,  it  is  firmly  held  in  the  spider  without  clamping  the 
hub  of  the  sheave,  and,  therefore,  offers  no  resistance  to 
the  free  turning  of  the  sheave.  To  prevent  the  sheave  from 
coming  off,  and  to  keep  dirt  from  entering  the  bearing,  the 
pin  is  provided  with  a  nut  and  washer^.  For  properly 
lubricating  the  sheave,  the  pin  is  provided  with  an  oil-cup  ^, 
the  oil  from  which  flows  through  the  hole  of  the  pin,  as 
shown  by  the  dotted  lines. 

The  sheave  should  be  rigidly  anchored,  so  that  there  is  no 
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possibility  of  it  becoming  loose  under  a  heavy  load.     The 
best  method  of  doing  this  is  to  bolt  the  spider  to  a  masonry 


foundation  built  especially  for  it.     This,  however,  is  not 
always  possible,  owing  to  varying  conditions;  and  even  if  it 
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were,  it  would  be  too  expensive,  unless  the  system  were  to 
be  a  permanent  one. 

In  the  figure  is  shown  a  common  method  of  anchoring  a 
sheave.  Here  the  foundation  is  built  of  12'  X  12'  timbers, 
to  which  the  spider  is  bolted,  the  bolts  passing  through  both 
timbers  as  shown.  At  a  distance  of  about  three  or  four  feet 
from  the  sheave  is  firmly  secured  in  the  ground,  at  an  angle, 
two  timbers  a  and  ^,  to  which  the  sheave  is  tied  by  the  rods 
b  and  b.  One  end  of  each  of  these  rods  passes  through  the 
upper  foundation  timbers,  and  the  other  through  a  12'  X  12' 
timber  c  placed  on  the  outside  of  the  two  timbers  a  and  a. 
The  ends  of  the  rods  are  supplied  with  nuts  and  cast-iron 
washers.  For  preventing  the  rope  from  falling  off  the 
sheave  when  it  becomes  slack  or  when  the  stress  is  removed, 
two  timbers  d  and  d  are  firmly  fastened  in  the  ground  close 
to  the  sheave. 

2392«  Tail-sheaves  are  sometimes  arranged  as  shown 
in  Fig.  864.     Here,  the  sheave  (9  is  in  a  vertical  position 


Pig.  864. 

and  revolves  in  bearings  a  placed  on  each  side.  It  is  firmly 
bolted  to  a  strong  rectangular  frame  b  made  of  heavy 
timbers.  The  sheave  is  elevated  a  certain  height  by  a 
wooden  structure  consisting  of  timbers  c  and  r,  rigidly  fast- 
ened between  the  bottom  and  roof  of  the  entry,  and  the 
horizontal  timber  //,  as  shown.     This  sheave  is  anchored  by 
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rigidly  fastening  a  post  e  at  an  angle,  and  wrapping  one  end 
of  a  chain  y  several  times  around  it,  the  other  end  of  which 
is  fastened  by  means  of  an  eye-bolt  to  the  frame-timt^er  b. 

2393.     In  Fig.  8G5  is  shown  another  method  of  anchor- 
ing a  vertical  tail-sheave.     Here,  two  heavy  timbers  a,  which 


are  strengthened  by  braces  b,  are  rigidly  fastened  in  a  ver- 
tical position  on  each  side  of  the  sheave.  The  joint  formed 
by  the  timbers  and  braces  should  be  so  made  that  there 
will  be  no  liability  of  the  brace  slipping  when  under  a  great 
stress.  This  may  be  done  as  shown  in  the  figure.  The 
bolts  which  hold  in  place  the  bearings  c,  in  which  the  sheave 
revolves,  pass  through  the  vertical  timbers  and  the  braces*. 
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By   making  the  joint   as   shown,  the  bolts  are   wholly   re- 
lieved from  vertical  stress  due  to  the  brace  b. 

2394.  When  it  becomes  necessary  to  place  the  tail- 
sheave  directly  under  the  track,  the  arrangement  shown  in 
Fig.  86C  is  generally  used.  A  pit  L  of  sufficient  depth  is 
provided,  in  which  the  tail-sheave  O  is  placed.     At  a  distance 


of  about  30  or  35  feet  from  the  tail-sheave  is  located  a  de- 
flecting or  guide  sheave  P.  The  rope,  in  coming  along  the 
center  of  the  track,  is  deflected  by  this  sheave,  and  then  runs 
around  the  tail-sheave  as  shown. 

2395.  Tail  and  deflecting  sheaves,  around  which  a  rope 
of  19  wires  to  the  strand  is  to  be  run,  should  have  a  diameter 
of  not  less  than  60  times  the  diameter  of  the  rope ;  if  the  rope 
has  7  wires  to  the  strand,  its  diameter  should  be  not  less 
than  100  times  the  diameter  of  the  rope. 

2396.  When  locating  guiding  or  deflecting  sheaves 
around  which  a  rope  is  to  be  led,  it  is  best  to  locate  them  in 
such  a  manner  that  the  angle  formed  by  the  two  parts  of  the 
rope  which  pass  ar»und  the  sheave  is  as  large  as  possible, 
since  the  greater  the  angle  the  smaller  the  stress  on  the 
bearings  in  which  the  sheave  revolves.  That  this  state- 
ment may  be  cleatly  understood,  reference  should  be  made 
to  Fig.  8(i7,  which  represents  an  engine-plane.  Here  the 
engine  is  located  at  A  and  the  cars  are  at  B.  In  order  to  pull 
the  cars  in  the  direction  indicated  by  the  arrow  (and  for 
other  reasons),  it  was  necessary  to  locate  three  sheaves,  as 
shown  in  the  figure. 

Assume  that  the  resistance  offered  by  the  cars  is  5  tons; 
then,  neglecting  the  friction  of  the  sheaves  and  the  rope, 
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the  tension  in  all  parts  of  the  rope  will  be  5  tons.     To  deter- 
mine the  load  on  the  pin  of  the  sheave  C,  around  which  it 


fftOtttf 


/ 

Fig.  867. 

revolves,  proceed  as  follows :  To  move  the  cars  B^  a  force  of 
5  tons  must  be  applied  to  the  part  a  b  ol  the  rope  in  the 
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direction  of  the  arrow  c.  There  is  also  a  force  of  5  tons  act- 
ing in  the  portion  of  the  rope  in  the  direction  of  the  arrow/" 
due  to  the  resistance  of  the  cars.  The  sheave  T,  owing  to 
these  two  forces  in  the  rope,  tends  to  move  towards  yon  the 
line  gj^  but,  as  a  matter  of  course,  is  prevented  from  doing 
so  by  the  pin  around  which  it  revolves,  and  by  the  anchor- 
ing. The  force  which  tends  to  move  the  sheave  C  towards/* 
along  the  line  gj  may  be  found  by  producing  the  center 
lines  of  the  portions  a  b  and  d  e  oi  the  ropes  until  they  inter- 
sect at  g.  To  any  convenient  scale,  lay  off  from  the  point 
of  intersection  g  the  points  h  and  i  on  the  portions  of  the 
rope  a  b  and  d  i\  respectively,  each  equal  to  5  tons.  Through 
the  point  h  draw  the  line  Ay  parallel  to  the  portion  of  the 
rope  d  e^  and  through  the  point  i  draw  the  line  ij  parallel 
to  the  portion  of  the  rope  a  b ;  then,  draw  the  diagonal  gJ 
of  the  parallelogram.  This  diagonal  is  the  resultant,  and 
represents  the  greatest  force  acting  on  the  sheave  C. 
Measuring  it  to  the  same  scale  that  has  been  used  to  lay  off 
the  forces  g  h  and  g  /',  respectively,  its  value  is  found  to  be 
9^  tons.  This  9^  tons  represents  the  pressure  on  the  journal 
and  on  the  bearing  of  the  sheave,  and  is  nearly  twice  the 
stress  in  the  rope.  The  pressure  acting  on  the  sheaves  D 
and  E  is  found  in  a  similar  manner. 

In  ascertaining  the  pressure  on  the  sheave  D^  the  direction 
of  the  stress  in  the  portion  of  the  rope  k  b  must  be  consid- 
ered as  acting  from  k  towards  b  a,  as  shown  by  the  arrow  /; 
that  is,  it  must  be  regarded  as  being  produced  by  the  resist- 
ance of  the  cars.  The  direction  of  the  stress  in  the  portion 
of  the  rope  g*  g'  due  to  the  pull  of  the  engine  is  from^' 
towards^',  or  in  the  direction  of  the  arrow  ;«.  Construct- 
ing the  parallelogram  of  forces  as  above,  and  remembering 
that  the  tension  in  the  rope  still  remains  five  tons,  the  re- 
sultant IS  g'  /\  and  measuring  it  to  the  same  scale  as  has 
been  used  to  lay  off  the  forces^'  /'and^'  //',  respectively, 
it  is  found  to  scale  6^^  tons,  a  result  considerably  less  than  in 
the  case  of  the  sheave  C,  It  will  also  be  noticed  that  the 
angle  i*  g'  h\  formed  by  the  rope  led  around  the  sheave  Z>,  is 
considerably  greater  than  the  angle  h  g  i  formed  by  the  rope 
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at  the  sheave  C.  In  a  similar  manner  is  found  the  resultant 
stress  ^'y  on  the  sheave  E\  measuring  it  to  the  scale  used 
to  lay  off  the  force  ^'  h'  and^'  T,  respectively,  it  is  found 
to  equal  about  5.56  tons.  In  a  similar  manner  the  resultant 
stress  on  any  sheave  may  be  found.  It  matters  not  whether 
the  sheave  be  placed  in  a  vertical,  horizontal,  or  angular 
position. 

The  above  results  indicate  the  best  method  of  placing  the 
spiders  to  resist  the  stress  on  the  sheave ;  namely,  as  shown 
in  the  figure,  with  the  long  side  of  the  timbers  which  sup- 
port the  spider  parallel  to  the  resultant  gj^  g'J\  ov  g'J\ 

From  the  above,  it  is  quite  evident  that  a  sheave  may  be 
used  very  satisfactorily  in  one  place  and  not  at  all  in  an- 
other. Thus,  referring  to  Fig.  807,  a  sheave  placed  at  E 
would  be  subjected  to  a  load  of  only  5.56  tons,  while,  if  it 
were  placed  at  C,  it  would  be  subjected  to  9^-  tons,  or  would 
have  about  double  the  load  on  it.  The  sheave  placed  at  E 
could  be  considerably  lighter  than  the  one  placed  at  C 


TENSION,  OR  BALANCE,  CARS. 

2397.  A  new  wire  rope  permanently  elongates  or 
stretches,  on  account  of  the  twist  of  the  strands,  from  about 
1  to  li^  per  cent,  of  its  total  length.  Thus,  a  rope  1  mile,  or 
5,280  feet,  long  of  an  endless-rope  haulage  plant  will  con- 
tinually become  longer  until  it  obtains  a  length  of  about 
5,280-1-5,280  X  .015  =  5,359.2  ft.,  or  it  increases  in  length 
about  79.2  ft.  There  will  be  a  continual  variation  in  the 
length  of  the  rope  due  to  the  temperature  of  the  atmosphere, 
which  will  cause  the  rope  to  expand  or  contract.  A  steel- 
wire  rope  will  expand  or  contract  .00000599  of  its  length, 
and  an  iron- wire  rope  .00000686  of  its  length,  for  each 
degree  of  change  in  temperature ;  hence,  if  the  above  rope 
were  of  steel,  it  would  be  5,359.2  X  (100  -  32)  X  .00000599  = 
2.183  ft.  longer  in  summer  when  the  thermometer  stands 
at  100°  than  in  winter  at  32° ;  and  an  iron-wire  rope  would 
be  5,359.2  X  (100  -  32)  X  .00000686  =2.5  ft.  longer.  Were 
no  provisions  made  for  this  increase  and  decrease  in  the 
length  of  the  rope,  the  rope  would  be  slack  at  one  time 
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After  the  wire  rope  has  expanded  enough  to  cause  the  weight 
JV  to  hang  quite  low  in  the  pit,  the  weight  is  raised  by 
turning  the  hand-wheel  Hj  which  causes  the  drum  to  revolve 
through  the  intervention  of  the  worm  and  the  worm-wheel, 
thus  shortening  the  chain  C.  The  weight  Win  this  case 
has  a  movement  of  only  one-half  that  of  the  carriage,  but 
must  be  twice  as  heavy  as  one  that  simply  hangs  at  the  end 
of  the  chain.  The  rails  on  which  the  balance-car  travels 
should  be  turned  up  at  their  ends,  as  shown  in  the  figure, 
st>  as  to  form  an  obstruction  beyond  which  the  car  can  not 
pass.  It  is  well  to  have  a  second  rope  or  chain  lying  loose, 
having  one  end  fastened  to  the  car  and  the  other  to  the 
drum  B^  so  that  in  case  the  first  breaks  the  second  takes  its 
place. 

2308.  In  Fig.  869  is  shown  another  arrangement  of  a 
tension-car.  A  heavy  car  carrying  the  sheave  is  placed  on 
a  short  inclined  plane.  The  rope  coming  along  the  center  of 
one  track  is  carried  over  the  deflecting  sheave  A^  then  passed 
around  the  sheave  of  the  balance-car,  and  is  then  led  back 
over  the  road.  The  inclination  of  the  plane  and  the  weight 
of  the  balance-car  are  such  that  the  proper  tension  in  the 
rope  is  maintained  by  the  tendency  of  the  car  to  descend 
the  plane;  any  expansion  or  contraction  of  the  rope  is 
immediately  taken  up  by  the  car. 

2309*  When  it  is  required  to  provide  tension  arrange 
ments  for  the  expansion  and  contraction  of  the  rope  only, 
the  permanent  stretch  of  the  rope  being  taken  up  by  other 
means,  the  arrangements  shown  in  Figs.  870  and  871  may  be 
used.  In  Fig.  870,  the  rope  is  led  over  two  sheaves  A  and 
B,  firmly  held  by  suitable  supports.  In  the  center,  between 
these  sheaves,  is  erected  timber-work,  so  constructed  that  a 
third  sheave  C  can  work  up  and  down.  The  sheave  C  has 
a  weight  H^hung  to  it,  and  therefore  causes  a  tension  in  the 
rope.  When  the  rope  expands,  the  sheave  C  and  weight  JV 
descend,  and  when  it  contracts  they  ascend. 

In  Fig.  871  a  somewhat  different  arrangement  i3  shown. 
Here,    cast-iron    standards    having   suitable   bearings  are 
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provided  for  the  sheaves  A  and  B.     At  the  upper  extremity  of 
the  larger  standard  is  located  a  lever  C,  carrying  a  sheave  Z) 


at  one  end  and  a  counterpoise  ^Kat  the  other.     The  counter- 
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poise  is  so  constructed  that  it  can  be  moved  along  the  short 
arm  of  the  lever,  so  that  the  tension  in  the  rope  can  be 
properly  adjusted. 

2400<  The  rope  of  an  endless-rope  haulage  system 
should  always  be  led  around  a  tension  or  balance  car  located 
at  the  far  end  of  the  road.  Sometimes  the  rope  is  led  around 
a  tail-sheave  firmly  fixed,  no  means  of  a  uniform  tension  in 
the  rope  being  provided  for.  This  is  altogether  wrong,  and 
should  not  be  practised. 

A  tension-car  should  always  be  placed  close  to  the  driving 
machinery.  This  is  very  essential  for  the  proper  working 
of  the  system,  as  otherwise  it  would  be  impossible  to  secure, 
the  requisite  adhesion  of  the  rope  to  the  drum  in  order  to 
haul  the  load.  The  slack  or  running-off  portion  of  the  rope 
should  always  be  led  around  the  sheave  of  the  balance-car, 
for  the  slack  can  not  be  taken  up  on  the  loaded  side. 


CABLBM3RIPS  FOR    BNDt.BSS>ROPB  RAULAOB. 

2401.     Fig.  873  furnishes  an  illustration  of  the  mode  of 
attaching  a  car  to  a  cable  in  an  endless-rope  haulage  system. 


The  grip,  it  will  be  seen,  is  coupled  by  a  bar  b  to  the  car. 
At  the  moment  the  coupling  is  made,  the  lever  a  is  lying 


98  MINE  HAULAGE.  g  28 

down  on  the  couplingf-bar  b,  so  that,  when  a  is  raised,  the 
jaws  of  the  grips  close,  and  immediately  the  car  advances 
with  the  cable.  To  disconnect  the  car,  the  lever  a  is  pushed 
down,  the  jaws  are  released,  and  the  car  is  brought  to  rest. 
Sometimes,  however,  its  momentum  must  be  destroyed  by 
inserting  sprags  in  the  wheels. 

2402.  One  of  the  simplest  of  the  grips  is  the  old-fash- 
ioned grip-tongs  shown  in  Fig.  873.  It  consists  of  two  jaws 
a  and  b,  having  handles  a'  and  b'  respectively.     The  jaws 


are  held  together  by  a  pin  c,  having  a  nut  on  its  other  end. 
That  part  of  the  pin  which  passes  through  the  handles  is  of 
smaller  diameter  than  the  part  to  which  the  chain  d  is  fast- 
ened, A  shoulder,  therefore,  is  formed  on  the  pin  which 
prevents  any  side  movement  of  the  jaws.     The  grip  is  fast- 
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ened  to  the  car  by  the  chain  d^  the  hook  being  attached  to 
the  draw-bar  of  the  car.  The  jaws  of  the  grip  have  a 
crescent  shape,  so  that  the  cable  can  be  held  between 
them.  The  friction  between  the  jaws  of  the  grip  and  the 
cable  being  greater  than  the  resistance  of  the  car,  the  latter 
is  moved  along  with  the  speed  of  the  cable.  To  obviate  the 
necessity  of  continuously  holding  the  jaws  together  so  as  to 
haul  the  load,  a  link  e  is  wedged  over  the  handles.  Not- 
withstanding that  this  grip  is  very  simple  in  construction, 
it  is  found  to  be  very  cumbersome ;  it  can  only  be  used  for 
hauling  light  loads. 

2403*  Where  heavy  loads  are  to  be  hauled,  it  is  neces- 
sary that  the  construction  of  the  grip  be  such  that  a  greater 
pressure  can  be  exerted  on  the  cable  by  the  jaws  of  the  grip 
than  in  that  shown  in  Fig.  873.  A  grip  which  will  do  this, 
and  one  which  is  extensively  used,  is  shown  in   Fig.  874. 


Fig.  874. 

This  consists  of  two  plates  or  frames  ni  and  7t  bolted  together. 
Each  frame  has  on  its  inner  side  a  channel;  these  lie  oppo- 
site to  each  other,  forming  a  recess  in  which  the  shank  b  of 
the  upper  jaw  o  can  slide  up  and  down.  The  lower  jaw/ 
is  part  of  the  frame  w,  and,  therefore,  remains  stationary 
in  relation  to  the  frames  ni  and  n.  Between  the  upper 
extremities  of  the  frames  is  provided  a  lever  r  for  operating 
the  sliding-jaw  o.     This  lever  has  trunnions  s  and  j'  which 
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work  in  bearings  /  and  /'  fitted  to  the  frames.  That  end  or 
part  of  the  lever  which  works  between  the  frames  is  of  such 
a  shape  that,  when  the  lever  is  swung  over  to  the  opposite 
sides,  it  forces  the  jaw  o  downwards,  and  causes  it  to  grip  the 
cable  firmly.  After  the  jaws  o  and  /  are  worn,  so  that  the 
pressure  required  to  haul  the  load  can  not  be  secured  by 
swinging  the  lever  r  to  the  opposite  side,  the  end  of  the 
lever  between  the  frame  is  lowered  by  forcing  the  bearings 
/  and  /'  downwards  by  means  of  the  set  screws  «/,  //,  after 
which  the  cable  can  again  be  gripped  firmly.  To  cause  the 
jaw  0  to  clear  the  cable  after  the  grip  has  been  released,  a 
pin  V  is  fastened  to  the  shank  b  of  the  jaw  ^,  which  projects 
through  an  elongated  hole  c  in  the  frame.  Firmly  secured 
to  the  lever  r  is  another  pin  u\  and  to  the  frame  n  is  pivoted 
a  bell-crank  ;r,  having  the  upper  edge  of  the  arm,  which  is 
nearly  perpendicular,  inclined.  As  the  lever  r  is  raised  to  a 
vertical  position,  the  jaw  o  is  moved  downwards,  also  the  pin 
v^  thereby  causing  the  bell-crank  x  to  swing  on  its  center. 
In  returning  the  lever  r  to  its  original  position,  the  pin  w 
strikes  the  nearly  perpendicular  arm  of  the  bell-crank  ;r, 
causing  it  to  take  the  position  shown  in  the  figure,  thereby 
raising  the  jaw  o  by  the  pin  v.  The  grip  is  made  of  steel, 
excepting  the  jaws  o  and/,  which  are  lined  with  soft  metal; 
these,  when  worn  out,  can  easily  be  replaced.  This  grip  is 
fastened  to  the  car  by  a  rod  having  a  hook  at  one  end,  part 
of  this  bar  being  shown  at  y. 

2404.  When  the  cars  are  run  singly,  each  car  must  be 
provided  with  a  grip;  but  if  they  are  run  in  trains,  a  power- 
ful grip  may  be  attached  to  the  first  car,  or  the  grip  may  be 
mounted  on  a  special  car,  to  which  the  whole  train  of  cars 
may  be  attached.  The  special  car  carrying  the  grip  is  called 
the  grip-car,  and  the  grip  is  applied  to  the  rope  by  either  a 
combination  of  levers  or  a  hand-wheel.  In  Fig.  875  is 
shown  a  grip-car,  which  consists  of  a  strong  timber-frame 
mounted  on  wheels.  The  grip  is  fixed  in  the  center  of  the 
car  in  such  a  manner  that  no  longitudinal  movement  can 
take  place;  it  may,  however,  be  moved  sideways  automatic- 
ally,  in   order   to  clear  the  guiding-sheaves  when  passing 


» <  -   • 
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around  curves.  The  car  is  provided  with  brakes  d  and  i 
for  stopping  the  car  more  quicklji,  and  to  prevent  any  move- 
ment of  the  train  on  slight  inclines  when  the  grip  is  released 


Fio.  sn. 
from  the  rope.     The  grip  is  operated  by  the  lever  c,  and  the 
brakes  by  the  lever  d ;  it  is  placed  sufficiently  high  to  clear 
the  track-rollers.  

CALCULATIONS  RBLATINO  TO  BNDLESS-ROPB  HAULAGE. 

2405.     Th«   Number   of    Cars   and  the  Distance 
Tlicy  Are  Set  Apart  on  a  Main  Haulage-Band. 

Let  O  =  the  output  of  coal  in  tons  per  day; 

t>  =  the  weight  of  coal  in  tons  a  single  car  will  carry ; 
0,  =  the  weight  of  coal  in  the  cars  attached  to  the 

haulage -band ; 
D  =  the  distance  traveled  by  a  point  in  the  rope  in 

one  day ; 
ii  =  the  distance  traveled  by  the  rope  from  the  return 

sheave  to  the  hoisting-shaf t ; 
«  =  the  number  of  full  cars  on  the  main-rope  band; 
r  =  the  distance  between  cars  on  the  rope. 

.    Then,  ''.  =  -*^-  (206.) 

»=g^.  (207.) 

r  =  i  (208.) 
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To  understand  these  expressions,  notice  that  if  d  is  the 

distance  a  point  in  the  rope  moves  through  in  passing  from 

the  return  wheel  to  the  hoisting-shaft,  and  that,  if  D  is  the 

distance  a  point  would  move  through  in  a  day,  supposing  it 

d 
always  to  be  traveling  shaftwards;  then,  -^  will  represent 

the  fraction  of  the  coal  hauled  in  one  outward  journey  of 

the  point ;  that  is,  o^  =  -^. 

Again,  «  =  -^ ,  because  if  the  weight  of  coal  hauled  in  one 
journey  is  equal  to  ^„  and  o  is  the  weight  of  coal  one  car  will 

carry,  then  —  is  equal  to  the  number  of  loaded  cars  on  the 

rope,  for  the  rope  will  throw  oft  at  the  shaft  that  number 

for  each  distance. 

Od  d 

Hence,  ;/  =  -^r-  and  r  =  — ,  the  distance  the  cars  are  apart 

Don  ^ 

on  the  rope,  for  if  d  is  the  distance  from  the  return  sheave 

to  the  bottom  of  the  shaft,  and  n  is  the  number  of  cars  on 

d 
the  main  rope,  —  must  be  equal  to  the  distance  the  cars  are 

apart. 

Example. — It  is  intended  that  the  output  of  a  mine  shall  be  3,000 
tons  of  coal  per  day.  The  length  of  the  road  from  the  return  wheel  to 
the  shaft  is  6,600  feet,  the  amount  of  coal  a  car  carries  is  1  ton,  the 
velocity  of  the  rope  is  3  miles  an  hour,  and  the  time  of  one  day  is 
10  hours.  If  the  mean  time  of  running,  when  allowance  is  made  for 
stoppages,  is  90  per  cent,  of  the  given  working  day,  what  will  be  the 
number  of  loaded  cars  on  the  main  haulage-band,  and  what  will  be 
their  distances  ajmrt,  the  weights  being  given  in  long  tons  ? 

Solution.—    O  =  2,240  x  3,000  =  6,720,000  lb. ;    o  =  2,240  lb. ;  </  = 
6,600  feet ;   D  =  5,280  X  3  X  10  X  .90  =  142,560  ft.      Hence,  by  substi  - 
tuting  these  values  in  formula  207,  we  have 

O  //  _  6,720.000  X  6,600  _ 
'^  -  7^  -  142:560  X  2.240    "  ^^•®^'  ""^  ^^^' 
the  average  number  of  cars  on  the  main-rope  band.    Ans. 

From  formula  208, 

ii        6.600        j„  ^t%  r^ 
''  =  «=  138:888  =  '*^-^''**- 
the  mean  distance  the  loaded  cars  are  set  apart  on  the  rope.    Ans. 
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2406*  To  realize  the  meaning  and  value  of  the  equa- 
tions in  the  last  example,  consider  another  example  similar 
to  the  last,  except  that  the  length  of  the  main  band,  or  what 
is  the  equivalent  of  that,  the  length  of  the  main  haulage-road, 
is  changed.  Under  such  conditions  it  will  be  found  that, 
although  the  length  of  the  band  is  shortened  and  the  num- 
ber of  cars  on  it  is  less,  the  distance  they  are  apart  is  the 
same. 

Example. — Suppose  that  in  the  example  given  in  Art.  2405  the 
length  of  the  road  from  the  return  wheel  to  the  shaft  was  3,300  feet, 
instead  of  6,600  feet,  what  would  be  the  number  of  loaded  cars  on  the 
main  haulage-band,  and  how  far  apart  would  they  be  placed  ? 

Solution. — Applying  formula  207,  we  have 

_0d_  6.720,000  X  3,300  _^^^^_ 

average  number  of  cars  on  the  main-rope  band.    Ans. 
Also,  by  applying  formula  208,  we  have 

d       3,800        .--  ^rt  ^.. 

the  distance  the  loaded  cars  are  apart  on  the  rope.  Ans. 
From  the  above  example,  it  is  plain  that,  by  halving  the 
length  ^/,  the  number  of  cars  on  the  rope  is  halved,  and  yet 
the  distance  the  cars  are  apart  remains  the  same.  From 
these  facts  an  important  point  is  learned;  that  is,  that  if 
none  of  the  factors  are  altered  but  the  length,  a  long  band 
delivers  as  many  cars  at  the  hoisting-shaft  as  a  short  one. 
That  is,  if  the  cars  are  set  at  the  same  distances  apart  on 
the  rope,  and  the  velocity  remains  the  same,  the  output  is 
alike  for  all  distances.  This  principle  of  action  is  the  same, 
however,  in  relation  to  gravity-planes,  engine-planes,  and 
main  and  tail  rope  haulages;  for  if  the  lengths  of  the  trains 
are  made  proportional  to  the  lengths  of  the  haulage-  roads, 
then  with  the  same  velocity  equal  weights  are  hauled  to  the 
shaft  in  equal  times.  Consequently,  when  the  length  of  the 
endless-rope  haulage  is  doubled,  and  the  number  of  cars  on 
the  band  is  doubled,  and  where  the  length  of  a  main  and 
tail  rope  haulage  is  doubled,  and  the  number  of  cars  in  a 
train  are  doubled,  if  the  velocity  remains  the  same,  the  out- 
put will  be  the  same  in  equal  tinies  in  each  case. 
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2407.  The  Welfflits  of  Haulage-Ropes  in  Rela- 
tion to  Tlieir  Velocities. — For  equal  outputs  in  equal 
times^  the  weights  of  the  haulage-ropes  vary  inversely  as  the 
velocities.  For  example,  when  the  velocity  is  doubled,  the 
weight  of  the  rope  is  halved,  for  two  reasons:  (1)  the  safe 
working  loads  of  ropes  vary  directly  as  their  weights;  (2)  as 
the  velocity  of  a  rope  increases,  the  load  on  it  is  reduced ;  that 
is,  when  equal  amounts  of  work  are  done  in  equal  times. 

Let  /  =  the  load  or  tension  in  the  rope ; 
V  =  the  velocity ; 
u  =  the  units  of  work  done. 

Then  U=lv.  (209.) 

Example. — In  one  case  a  tension  of  4,000  pounds  on  a  haulage-rope 
is  required  to  move  a  train  of  25  loaded  cars  with  a  velocity  of  20  miles 
an  hour,  and  in  another  case  a  tension  of  8,000  pounds  is  required  to 
move  50  loaded  cars  with  a  velocity  of  10  miles  an  hour.  Prove  that  if 
the  diameter  of  the  rope  that  hauls  with  a  velocity  of  20  miles  an  hour 
is  1  inch,  the  diameter  of  the  rope  that  hauls  with  a  velocity  of  10  miles 
an  hour  must  not  be  less  than  1.414  inches. 

Solution.—  4,000  X  20  =  8,000  X  10;  therefore,  C/  in  one  case  is 
.'^qual  to  that  of  the  other. 

Again,  as  the  tension  on  a  rope  is  equal  to  the  load,  and  as  the  safe 
working  load  of  a  rope  varies  as  its  transverse  or  sectional  area  or  its 
weight  per  unit  of  length,  it  follows  that  the  diameters  of  ropes  will 
vary  as  the  square  roots  of  the  loads  or  sectional  areas.  Then,  if  the 
diameter  of  the  rope  for  a  load  of  4,000  pounds  is  1  inch,  the  diameter 
of  the  rope  for  a  load  of  8,000  pounds  will  be 


»/: 


=  1.414  inches.     Ans. 


4.000 

This  means,  also,  that  if  equal  weights  of  coal  are  hauled 
in  different  numbers  of  trips  through  equal  distances  in 
equal  times,  the  diameters  of  the  ropes  vary  inversely  as 
the  square  roots  of  the  numbers  of  trips.  To  make  this 
clear,  suppose  one  engine  A  hauls  out  four  trips  while  an- 
other B  hauls  out  one,  and  that  in  10  hours  they  both  haul 
out  1,000  tons  through  a  distance  of  5,000  feet;  then  the 
tension  on  the  A  rope  is  only  one-fourth  of  that  on  the  B 
rope,  because  A*s  load  is  only  ^  that  of  ^'s.  Therefore,  the 
diameter  of  A*s  rope  requires  to  be  only  ^  that  of  B%  be- 
cause V^=  .5. 
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2408»  From  the  conclusions  here  arrived  at,  it  might 
be  considered  that  fast  running  would  secure  considerable 
economy  in  hauling,  for  not  only  would  the  traction  due  to 
the  friction  of  a  heavy  rope  be  reduced  by  hauling  with  one 
of  much  less  weight,  but  first  cost  of  ropes  would  be  much 
reduced.  But  such  is  not  the  case,  because  another  factor 
of  stress  is  introduced  by  high  speeds  that  is  hardly  felt  in 
low  ones.  For  example,  when  an  endless-rope  haulage  is 
done  with  a  velocity  of  even  four  miles  an  hour,  the  ropes 
soon  become  kinked,  flattened,  and  permanently  injured  by 
the  grips.  To  start  a  heavy  car  from  a  state  of  rest,  and 
give  it  a  velocity  of  4  miles  an  hour,  greatly  strains  the  rope; 
therefore,  for  this  velocity,  ropes  must  be  made  larger  than 
those  required  for  the  stress  due  to  ordinary  traction.  Some 
idea  of  this  stress  may  be  obtained  by  noticing  that  it  varies 
as  the  square  of  the  velocity.  The  stress  due  to  starting  a 
car  in  motion  at  4  miles  an  hour  is  equal  to  the  square 
of  4,  or  16,  as  contrasted  with  the  stress  due  to  starting  one 
with  a  velocity  of  3  miles  an  hour,  which  is  equal  to  3'  =  9. 
To  further  show  the  importance  of  this  stress,  let  an  endless- 
rope  haulage  be  run  at  6  miles  an  hour;  for  this  speed,  the 
number  of  cars  on  the  rope  in  a  given  distance  would  be 
half  the  number  required  to  be  put  on  a  rope  moving  with  a 
velocity  of  3  miles  an  hour.  Then,  from  this  point  of  view, 
the  diameter  of  the  rope  subject  to  half  the  former  load 
would  for  a  velocity  of  6  miles  an  hour  be  reduced  to 
|/|=.707  of  its  original  diameter. 

On  the  other  hand,  the  stress  due  to  setting  the  cars 
suddenly  in  motion  on  a  6-mile  velocity,  as  contrasted  with 
a  3-mile  velocity,  would  be  as  the  squares  of  the  velocities; 
consequently,  if  the  diameter  of  a  rope  for  a  3-mile  veloc- 
ity were   one   inch,   that   for   a   6-mile  velocity   would   be 

--X  1^7  =  2.828  inches,  assuming  that  the  tension  on  the 
bo 

rope  due  to  traction  is  equivalent  to  the  energy  required 

to  suddenly  set  a  car  in  motion  from  a  state  of  rest  to  that 

of  a  velocity  of  3  miles  an  hour. 


ti; 
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2409.  From  what  has  been  shown,  it  is  evident  that 
the  velocity  at  which  the  cars  should  run  on  an  endless-rope 
haulage  requires  calculation.  For  example,  if  an  endless 
rope  has  a  velocity  of  4  miles  an  hour,  the  damage  done  to 
the  ropes  by  the  grips  is  very  serious;  but  there  are  other 
troubles  that  require  notice.  In  the  first  case,  it  is  not  safe 
for  a  person  who  is  inspecting  the  road  to  cross  a  double 
track  of  this  character.  Again,  the  cars  leave  the  rope  at 
too  high  a  velocity,  and  are,  therefore,  not  sufficiently  under 
control  at  the  period  when  they  are  detached.  The  best 
results  of  the  endless-rope  haulage  are  obtained  with  a  veloc- 
ity not  exceeding  2  miles  an  hour;  for  then  persons  having 
to  work  on  the  tracks,  such  as  oiling  the  rollers,  inspect- 
ing the  roof,  sides,  and  timber,  and  doing  the  necessary 
inspection  and  repairs  of  rails,  ties,  etc.,  are  able  to  take 
care  of  themselves.  This  is  an  important  matter,  for  great 
delay  and  expense  is  saved  by  proper  inspection  and  repairs. 
It  is  true  that  a  velocity  of  2  miles  an  hour  necessitates  the 
use  of  heavier  ropes  for  traction ;  but  the  damage  to  ropes 
produced  by  the  car-grips  is  reduced  to  a  minimum,  and, 
indeed,  becomes  so  small  a  matter  that  in  practice  its  con- 
sideration may  be  neglected. 

24 10.  These  remarks  refer  to  underground  haulage, 
but  on  the  surface  a  velocity  of  3  miles  an  hour  may  be  used 
with  good  results.  This  velocity  should  never  be  exceeded  on 
a  typical  endless-rope  haulage,  even  on  the  surface.  Run- 
ning trains  of  a  number  of  cars  together  with  endless  rope 
is  not  worthy  of  much  consideration;  for  if  the  student  con- 
siders the  heavy  weights  being  suddenly  jerked  into  motion 
by  the  rope,  he  will  have  some  idea  of  the  great  destruction  of 
ropes  that  must  arise  from  an  inert  resistance  of  this  character. 

241 1.  In  the  English  mines,  the  endless  ropes  generally 
lie  on  the  tops  of  the  cars,  called  tubs;  in  the  United  States, 
the  ropes  generally  lie  under  the  cars,  and,  in  cas^s  where 
this  system  of  haulage  is  modified  for  hauling  groups  of  cars 
in  trains,  the  ropes  are  sometimes  gripped  to  the  sides  of 
the  cars. 
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2412.  Tension  on  tlie  Ropea  and  tlie  Horse- 
po^vers  of  Endless-Rope  Haulasres. 

Let  W  =  the  weight  of  the  loaded  cars  on  one  side  of  a  rope 
band; 
w^  =  the  weight  of  the  empty  cars  on  the  ingoing  side 

of  a  rope  band ; 
w  =  the  weight  of  a  rope  band ; 
C  =  ^  =  the  coefficient  of  friction ; 
a  =  the  mean  grade  per  cent. ; 
T=  the  tension  in  the  rope  in  pounds. 

The  following  expression  is  the  equivalent  of  the  tension 
on  the  haul-out  side  of  the  rope,  and  it  is  true  for  the  same 
side  of  all  the  bands  in  the  series : 

T=^^+^^+^+a(lV-^,).  (210.) 

Observe  that  the  weights  of  the  cars  carrying  the  coal  are 
balanced  by  the  weights  of  the  empty  cars.  Again,  the 
weight  of  the  rope  on  one  side  of  the  band  is  balanced  by 
the  rope  on  the  other  side  of  it,  and,  therefore,  the  only 
weight  that  develops  a  gravity  force  is  that  of  the  coal; 
hence,  in  equation  210^  a  {W—  «/,)  represents  the  gravity 
force. 

Example. — The  track  of  a  single  endless-rope  haulage-band  is 
1  mile  in  length,  and  the  rope  hauls  out  800  long  tons  of  coal  in 
10  hours.  The  cars  carry  1  long  ton  of  coal,  and  an  empty  car  weighs 
1,780  pounds.  The  velocity  of  the  rope  is  2  miles  an  hour,  and  the 
size  of  the  rope  is  such  that  it  weighs  2  pounds  per  foot  of  length. 
What  is  the  tension  on  the  rope  and  the  horsepower  of  the  hauling- 
engine,  supposing  the  mean  grade  of  the  road  to  be  level  ? 

Solution.—  O,  the  output,  =  800x2,240  =  1, 702,000  lb.;  o,  the 
weight  of  coal  carried  by  one  car,  =  2,240  lb. ;  </,  the  length  of  the 
track,  =  5,280  ft. ;  Z>,  the  travel  of  the  rope  in  90  per  cent,  of  10  hours,  = 
5,280  X  2  X  10  X  .90  =  95,040. 

Applying  formula  207, 

Oii      1,792,000X5,280      ....,,  .         ^,     ^^ 

n  =  -7c-  =    ne  /x^/^  v.-rt-TTjA—  =  44.44,  the  number  of  loaded  cars. 
Do        95,040x2,240 

IV-U.U  X  4,000  =  177,760  lb. ;  Wi  =  44.44  X  1.760  =  78.214.4  lb. ; 
and  w  =  5,280  X  3  X  3  =  21,120  lb. 
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Applying  formula  210, 
^      (JF+w, +  «/),      ,,._  .      (177,760  4-78.214.4-^21.120)      ^ 

6,927.36  lb.,  the  tension  required.     Ans. 

Observe  that  the  expression  a{lV—  7t/i)  becomes  0  in  this  case, 
because  the  road  is  level,  which  makes  a  =  0. 
Again,  the  horsepower  can  be  found  as  follows: 

v,  the  velocity  in  feet  per  minute  =    *       =  176  ft. 

Substituting  in  formula  202, 

rr  _     Tv    _  6,927.36X176  _  ««  on  w  r»       a 

Example. — Let  the  given  values  be  the  same  as  in  the  previous 
example,  except  that  the  road  has  a  mean  up  grade  to  the  shaft  of 
2  per  cent.  The  tension  on  the  rope  and  the  horsepower  of  thfc  haukge- 
engine  is  required. 

Solution. — Applying  formula  ^SIO, 

(177.700 +  7R.m4^  21.120)  ^  ^  ^^„  .^^  _  ^2144)  =  8.918.27  lb.. 

the  tension  required.     Ans. 

Applying  formula  202, 

rr_    Tv    _  8,918.27X176  _,,,^^„        _ 
"  38,000  ~  33.000         "  *  ^ 

the  horsepower  required.     Ans. 

Example. — Let  all  the  values  be  the  same  as  in  the  first  example, 
except  that  the  road  is  down  grade  to  the  shaft  at  the  rate  of  2  per 
cent.     Find  the  tension  on  the  rope  and  the  horsepower  of  the  engine. 

Solution. — Applying  formula  210, 

(177.760 +78^14.4  + 21.120)  _^^^  (177.760-78.214.4)  =  4.086.45  lb.  = 

the  tension  required.     Ans. 

Here  the  gravity  force  a(lV'~  w)is  minus,  because  it  acts  towards  the 
engine. 

Applying  formula  202, 

^        Tv  4,936.45x176        on  oo  xr   r»     *u  •     au 

'33^00  ~ 33  000 ~  *         required  horsepower. 

'  *  Ans. 

Example. — All  the  values  for  a  main  haulage-rope  band  are  the 
same  as  those  given  in  the  first  example,  and,  like  it,  the  track  is  level, 
and,  therefore,  the  tension  due  to  that  rope  alone  is  the  same  as  first 
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found,  namely,  G,927.S6  pounds.  Two  districts  bands  A  and  B^  how- 
ever, deliver  in  the  present  case  to  the  main  band ;  the  band  A  hauls 
out,  along  a  track  769  feet  long,  {  of  the  800  tons.  This  road  has  an 
up  grade  to  the  main  road  of  3  per  cent.  The  band  B  hauls  out  |  of 
the  800  tons,  along  a  road  2,812  feet  in  length,  with  a  down  grade  to 
the  main  haulage-band  of  4  per  cent.  What  is  the  tension  in  the  A 
and  B  ropes  ?  What  is  the  total  tension  on  the  main  rope  ?  What  is 
the  required  horsepower  to  do  the  haulage,  if  the  rope  on  the  band  A 
weighs  .88  lb.  per  foot,  and  the  rope  on  the  band  B  weighs  1.2  lb.? 

Solution. — First  find  the  number  of  loaded  cars  on  the  A  band. 
(7  =  800  X  I  X  2,240  =  716,800  lb. ;  ^=  769  ft.,  and  D  =  5,280  X  2  X 
10  X  .90  =  95,040  ft. 

Applying  formula  207, 

_0d  _  716.800X769  _ 
^'^  Do"'  95,040  X  2,240  "" 
2.589  =  the  number  of  loaded  cars  on  the  band  A, 

To  find  the  tension  in  this  rope,  formula  210  is  applied. 
Wz=z  4,000  X  2.589  =  10,856  lb. ;  Wx  =  1.760  X  2.589  =  4.556.64  lb. ;  and 
«;  =  769  X  2  X  .88  =  1,358.44  lb. 

Then.  r=  (^^«;i-^«-)  +  ^  ( ^^_  «,.)  = 

40 
(10.356 4- 4.666.^64 +  1,858.44)  ^  ^^^^^_  ^^^^^  ^  590.68  lb.. 

the  tension  in  the  A  band.    Ans. 

Next,  the  number  of  loaded  cars  on  the  B  band  is  found  by  again 
applying  formula  207.  In  this  case,  (7  =  800  XfX  2,240  =  1,075,200  lb. ; 
^=  2,312  ft.,  and  D  =  5,280  X  2  X  10  X  .90  =  95,040  ft. 

mt-  Od      1,075,200X2,812      .,  ^-^-      ,.  ,        n     ^^ 

Then,  «  =  -=-=    '      '         ,.  '.^    =  11.6767  =  the  number  of  loaded 
Z>o        9o,040x  2,240 

cars  on  the  band  B, 

The  tension  in  this  band  is  also  found  by  formula  210. 

IV  =  11.6767  X  4,000  =  46,706.8  lb. ;  a/,  =  11.6767  X  1.760  =  20,550.992 
lb.,  and  w  =  2,812  X  2  X  12  =  5,548.8  lb. 

Then.  T=  {K±^L±J^  ^a(lV-^.)  = 

(46,706.8  +  20,550.992-4-5,548.8)  _.04(46,706.8  -  20.550.992)  =  773.93. 

the  tension  required  for  B.    Ans. 

Here  the  gravity  factor  is  minus  again,  because  it  works  with  the 
engine.  The  total  tension  in  the  main  rope  is  6,927.36-h580.65-+- 
778.98  =  8,281.94  lb.     Ans. 

Finally,  applying  formula  202, 

rr_     Tv    _  8,281.94  X  176  _ 

83,000  ~         33,000         ""         '' 
the  total  horsepower  required  to  run  the  engine.     Ans. 
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GENERAL  APPLIANCES. 


WIRE    ROPES. 

2413*  Having  considered  the  different  methods  of 
haulage,  we  will  now  give  a  description  of  the  various  appli- 
ances more  or  less  common  to  all  of  the  above  systems, 
and  which  have  not  already  been  considered  in  detail. 

24J14*  The  wire  rope  used  in  mine  haulage  is  usually 
made  of  six  strands  of  iron  or  steel  wires  laid  around  a  cen- 
tral core  of  hemp.  Each  of  these  strands  is  made  up  of 
either  7  or  19  wires,  and,  therefore,  a  wire  rope  is  made  up 
of  either  42  or  114  wires,  the  final  size  of  the  rope  depend- 
ing upon  the  size  of  the  wire  used.  It  is  evident  that  a  one- 
inch  rope  containing  42  wires  must  be  made  of  larger  wires 
than  a  one-inch  rope  containing  114  wires.  The  former 
rope,  on  account  of  the  larger  size  of  the  individual  wires,  is 
well  adapted  to  service  involving  much  wear;  while  the  latter 
rope,  being  made  of  smaller  wires,  is  more  pliable,  and  is 
thus  adapted  to  service  in  which  the  rope  is  required  to  do 
much  bending.  Thus,  in  the  tail-rope  system,  the  main  rope 
has  7  wires  to  the  strand,  and  the  tail-rope  19  wires  to  the 
strand.  Ropes  are  made  with  either  a  short  or  a  long  twist, 
according  to  the  use  for  which  they  are  intended.  Ropes 
with  a  long  twist  work  smoothly  over  the  rollers  and  sheaves, 
and  stretch  but  little,  thus  adapting  them  for  tail-ropes. 
The  short  twisted  rope  is  much  more  elastic,  and  should  be 
used  where  the  rope  is  liable  to  sudden  jerks,  as  in  the  case 
of  main  ropes  on  engine  and  tail-rope  planes.  The  short 
twisted  rope  in  such  a  case  acts  as  a  sort  of  a  spring,  and 
stands  without  injury  a  shock  which  would  break  the  more 
rigid  long  twisted  ropes.  The  lay  of  the  wire  is  generally  op- 
posite to  the  lay  of  the  strands,  although  a  rope  has  been 
recently  introduced  with  the  lay  of  both  strands  and  wires 
in  the  same  direction. 

2415*     A  style  of  rope  known  as  locked-wire  rope  has 
been  introduced  by  some  manufacturers.     This  rope  has  a 
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smooth  surface  approaching  that  of  a  round  bar,  in  conse- 
quence of  which  it  wears  longer  than  the  ordinary  ropes,  and, 
besides,  does  not  wear  out  so  quickly  the  wheels  over  which 
it  is  led ;  it  also  has  a  greater  strength  than  the  ordinary 
wire  ropes,  but  has  one  disadvantage,  in  that  it  can  not  be 
spliced. 

2416.  The  strength  of  the  ordinary  wire  rope  is  about 
75^  of  the  strength  of  the  individual  wires  composing  it,  the 
wire  losing  about  25^  by  bending.  The  working  strength 
of  a  wire  rope  may  be  taken  at  from  one-fifth  to  one-seventh 
the  breaking  strength. 

241 7.  Tables  46  and  47  give  the  diameters,  weights,  and 
breaking  loads  of  iron  and  steel  wire  ropes  of  six  strands 
wound  around  a  hemp  center,  having  19  and  7  wires  to  the 
strand. 

TABLrB    46. 

IRON  AND  STBEL  WIRB  ROPES,  19  1VIRE8  TO  THB  STRAND. 


Diameter 

Weight  in 
Lb.  per  Ft. 

Breaking  Load  in  Tons  of  3,000  Lb. 

in  Inches. 

Iron. 

Cast  Steel. 

Plow  Steel. 

4 

0.35 

3.48 

7.00 

10.00 

A 

0.44 

4.27 

9.00 

13.00 

f 

0.60 

5.13 

12.00 

18.00 

i 

0.88 

8.64 

18.00 

27.00 

i 

1.20 

11.50 

25.00 

37.00 

1 

1.58 

16.00 

33.00 

47.00 

H 

2.00 

20.00 

42.00 

60.00 

H 

2.50 

27.00 

52.00 

75.00 

If 

3.00 

33.00 

63.00 

90.00 

H 

3.65 

39.00 

77.00 

110.00 

i| 

4.10 

44.00 

86.00 

123.00 

IJ 

5.25 

54.00 

106.00 

157.00 

a 

6.30 

65.00 

125. 0(J 

189.00 
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TABLE  47. 

IBON  AND  8TBBI«  WIRB  BOPB8,  7  WIRES  TO  THB  STRANDi 


Diameter 
in  Inches. 


I 

i 

i 
1 

H 
U 
If 
H 


Weight  in 
Lb.  per  Ft. 


0.31 
0.41 
0.57 
0.70 
0.88 
1.12 
1.50 
1.82 
2.28 
2.77 
3.37 


Breaking  Load  in  Tons  of  2,000  Lb. 


Iron. 


2.83 

4.10 

5.80 

7.60 

8.80 

12.30 

16.00 

20.00 

25.00 

30.00 

36.00 


Cast  Steel. 


Plow  Steel. 


6.00 

9.00 

8.00 

12.00 

11.00 

16.00 

14.00 

21.00 

17.00 

25.00 

22.00 

33.00 

30.00 

45.00 

36.00 

44.00 

52.00 

62.00 

2418.  The  durability  of  a  wire  rope  depends  very 
largely  on  the  diameter  of  the  drum  or  sheave  over  which 
it  is  wound.  When  a  rope  is  bent  around  a  drum,  the  outer 
strands  must  be  in  tension  and  the  inner  strands  in  com- 
pression. This  tension,  due  to  bending  the  rope  around  the 
drum,  added  to  the  tension  to  which  the  rope  is  already 
subjected  on  account  of  the  load,  gives  the  total  tension  on 
the  part  of  the  rope  passing  around  the  drum.  This  total 
tension  must  not  exceed  the  elastic  limit  of  the  material 
composing  the  wires.  //  ts  just  as  detrimental  to  the  rope 
if  it  be  bent  partly  around  the  drum  or  sheave  as  though  bent 
completely  around  it, 

2419.  From  the  nature  of  the  rope,  it  is  evident  that 
the  diameter  of  the  drum  or  sheave  does  not  depend  upon 
the  diameter  of  the  rope,  but  only  upon  the  diameter  of  the 
wires  of  which  it  is  made ;  and  we  may,  therefore,  calculate 
the  size  of  the  drum  which  would  be  safe  for  a  single  wire. 

It  may  be  stated,  as  a  general  rule,  that  the  diameter  of 
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the  drum  on  which  a  rope  containing  19  wires  to  the  strand 
is  to  be  wound  should  not  be  less  than  60  times  the  diameter 
of  the  rope^  and  one  on  which  a  rope  containing  seven  wires 
to  the  strand  is  to  be  wound  should  not  be  less  than  100  times 
the  diameter  of  the  rope. 

It  is,  of  course,  preferable  to  use,  if  possible,  a  drum 
larger  than  given  by  the  above  rule.  Circumstances  may 
render  it  necessary  to  use  a  drum  smaller  than  given 
above,  but  smaller  drums  can  only  be  used  at  the  expense 
of  the  rope. 

2420.  To  Splice  a  Wire  Rope. — The  length  of  the 
splice  depends  upon  the  size  of  the  rope.  The  larger  ropes 
require  the  longer  splices.  The  splice  of  ropes  from  f  inch 
to  \  inch  in  diameter  should  not  be  less  than  20  feet ;  from 
J  inch  to  1^  inches,  30  feet,  and  from  1^  inches  up,  40  feet. 
In  Fig.  876  are  given  a  number  of  illustrations  showing  the 
manner  of  splicing  a  wire  rope.  To  splice  a  wire  rope, 
proceed  as  follows: 

Suppose  it  is  desired  to  splice  a  rope  |  inch  in  diameter. 
The  length  of  the  splice  for  this  size  rope  is,  as  above  given, 
20  feet.  Tie  each  end  of  the  rope  with  a  piece  of  cord  at  a 
distance  equal  to  one-half  the  length  of  the  splice,  or  ten 
feet  back  from  the  end,  after  which  unlay  each  end  as  far 
as  the  cord.  Then,  cut  out  the  hemp  center,  and  bring  the 
two  ends  together  as  close  as  possible,  placing  the  strands 
of  the  one  end  between  those  of  the  other,  as  shown  in  Fig. 
876  A^  in  which  k  and  k.  are  the  cords  tied  around  the  rope 
ends  M  and  M^  respectively,  at  a  distance  of  ten  feet  from 
each  end.  Now  remove  the  cord  k  from  the  end  M  of  the 
rope,  and  unlay  any  strand,  as  a^  and  follow  it  up  with  the 
strand  of  the  other  end  M*  of  the  rope  which  corresponds 
to  it,  as  a* ;  that  is,  a  is  unwound,  leaving  a  channel  in  which 
a*  is  wound.  About  six  inches  of  a^  are  left  out,  and  a  is 
cut  off  about  six  inches  from  the  rope,  thus  leaving  two 
short  ends,  as  shown  at  Pin  Fig.  87G  B^  which  must  be  tied 
for  the  present  by  cords,  as  shown.  The  cord  >t  should  again 
be  wound  around  the  end  M  of  the  rope,  Fig.  876  A^  to 
prevent  the  unraveling  of  the  strands;  after  which  remove 
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the  cord  If  on  the  other  or  J/'  end  of  the  rope,  and  unlay 
the  strand  b\  follow  it  up,  as  above,  with  the  strand  //,  leav- 
ing the  ends  out,  and  tying  them  down  for  the  present,  as 
before  described  in  the  case  of  strands  a  and  a^  (see  Q^  Fig. 
876  B^ ;  also,  replace  the  cord  k\  for  the  same  purpose  as 
stated  above.  Now  again  remove  the  cord  k^  and  unlay  the 
next  strand,  as  r.  Fig  876  A^  and  follow  it  up  with  c\  stop- 
ping, however,  this  time  within  four  feet  of  the  first  set. 
Continue  this  operation  with  the  remaining  six  strands, 
stopping  four  feet  short  of  the  preceding  set  each  time. 
We  have  now  the  strands  in  their  proper  places,  with  the 
ends  passing  each  other  at  intervals  of  four  feet,  as  shown 
in  Fig.  876  C  These  ends  must  now  be  disposed  of  by 
increasing  the  size  of  the  rope.  Clamp  the  rope  in  a  vise  at 
the  left  of  the  strands  a  and  a\  Fig.  876  C^  and  fasten  a 
clamp  to  the  rope  at  the  right  of  these  strands ;  then  remove 
the  cords  tied  around  the  rope  which  hold  these  two  strands 
down;  after  which  turn  the  clamp  in  the  opposite  direction 
to  which  the  rope  is  twisted,  thereby  untwisting  the  rope, 
as  shown  in  Fig.  876  D,  The  rope  should  be  untwisted 
enough  to  allow  its  hemp  core  to  be  pulled  out  with  a  pair 
of  nippers.  Cut  off  twelve  inches  of  the  hemp  core,  six 
inches  at  each  side  from  the  point  of  intersection  of  the 
strands  a  and  a\  and  push  the  ends  of  the  strands  in  its 
place,  as  shown  in  Fig.  876  D.  Then  allow  the  rope  to 
twist  up  to  its  natural  shape,  and  remove  the  clamps.  After 
the  rope  has  been  allowed  to  twist  up,  the  strands  tucked  in 
generally  bulge  out  somewhat.  This  bulging  may  be  re- 
duced by  lightly  tapping  the  bulged  part  of  the  strands  with 
a  wooden  mallet,  which  will  force  their  ends  farther  into 
the  rope.  Proceed  in  the  same  manner  to  tuck  in  the  other 
ends  of  the  strands. 

242 1  •  Preserving  Wire  Rope. — It  is  highly  essential 
that  wire  ropes  be  oiled,  so  as  to  keep  them  free  from  rust- 
ing, as  on  this  depends  in  a  great  measure  the  life  of  the 
ropes.  The  oil  best  suited  is  that  which  is  free  from  acid, 
and  which  will  not  gum  or  harden.  Oil  which  hardens 
greases  the  outer  wires  very  well,  but  forms  a  scale  around 
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them  through  which  the  liquid  oil  can  not  pass  to  the  inner 
wires,  which  therefore  go  on  rusting.  Raw  linseed-oil  has 
been  found  to  be  one  of  the  best  oils  for  this  purpose,  al- 
though a  mixture  of  vegetable  tar  and  raw  linseed-oil  is  ex- 
tensively used.  Either  of  these  may  be  applied  to  the  rope 
by  saturating  the  woolly  side  of  a  piece  of  sheepskin.  It  is 
well,  before  applying  fresh  oil  to  the  rope,  to  first  clean  off 
the  old  by  running  the  rope  between  brushes.  When  the 
rope  is  endless  and  has  a  continuous  motion,  as  in  the  case 
of  the  endless-rope  haulage  systems,  a  different  method  may 
be  pursued.  In  this  case,  the  rope  may  be  greased  by  allow- 
ing the  oil,  which  has  been  placed  in  a  barrel  supplied  with 
a  cock,  to  drip  on  it  as  it  leaves  the  engine-room  on  its  out- 
ward passage.  

THE  ROADBED. 

2422.  The  roadbed  for  a  haulage  system  is  made  in 
practically  the  same  manner  as  for  ordinary  railroads.  The 
cross-ties  are  generally  of  wood,  either  3  in.  X  5  in.  or  4  in.  X 
6  in. ;  they  are  laid  from  18  to  36  inches  apart,  from  center 
to  center,  on  the  solid  floor  of  the  mine,  and  are  ballasted. 
T  rails,  weighing  from  16  to  40  lb.  per  yard,  depending  upon 
the  service  required,  are  laid  from  30  to  48  inches  apart. 
The  wider  gauges  allow  heavier  and  wider  mine-cars  to  be 
used,  while  the  narrow  gauges  permit  the  cars  to  run  more 
easily  around  the  curves.  The  rails  laid  on  slopes  should 
be  somewhat  heavier  than  those  laid  on  the  level.  Gutters 
should  be  provided  at  the  lower  side  of  the  roadbed,  to  allow 
the  mine  water  to  flow  away,  and  not  destroy  the  ties. 
Curves  should  be  made  of  as  large  a  radius  as  possible,  and 
it  is  well  never  to  make  the  radius  less  than  25  feet.  The 
gauge  of  the  track  should  be  slightly  wider  around  the 
curves,  and,  in  case  of  endless  or  tail  rope  haulage,  the  inside 
rail  should  be  slightly  elevated.  In  other  cases,  such  as 
engine-planes,  where  the  empty  cars  are  run  by  gravity  at 
high  velocities,  the  outer  rail  should  be  slightly  elevated. 

In  wire-rope  haulage,  trouble  arises  with  curves  on  the 
roads  where  the  main  and  tail  rope  system  of  haulage  is  em- 
ployed.    Unless  due  care  is  exercised  in  giving  the  rails  on 
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a  curve  the  requisite  elevation  to  resist  the  tendency  of  the 
ropes  to  pull  the  ends  of  the  train  off  the  rails  at  the  curve, 
the  train  will  frequently  be  derailed.  If,  however,  the  inside 
rail  is  made  the  higher,  the  stress  due  to  the  inward  pull  of 
the  ropes  falls  on  the  tread  of  the  wheels  and  on  the  upper 
sides  of  the  rails.  On  the  other  hand,  if  the  rails  are  equal 
in  height,  the  flanges  of  the  inside  wheels  are  pulled  against 
the  inward  edge  of  the  inside  rail,  and  then  the  least  jerk 
produced  at  a  joint  is  sufficient  to  derajl  the  whole  train. 
When  a  curve  occurs  on  a  highly  inclined  portion  of  the  road 
of  a  main  and  tail  rope  haulage,  it  is  necessary  to  warn  the 
engineer  to  keep  the  ropes  taut  when  rounding  the  curves,  or 
otherwise  the  high  rail  may  become  a  source  of  danger.  On 
the  roads  of  other  haulages,  however,  the  inside  rail  should 
not  be  raised  above  the  level  of  the  outside  one  ;  for  on  an 
engine-plane  and  the  roads  of  a  self-acting  incline,  while  the 
elevation  of  the  inside  rail  would  provide  complete  security 
for  the  ascending  train,  it  would  be  a  sure  means  of  derailing 
a  descending  one.  Therefore,  in  these  cases  it  is  better  to 
provide  a  guard-rail  set  within  the  rail  on  the  outside  of  the 
curve.  For  curves  on  endless-rope  haulages,  a  guard-rail  is 
required  only  where  the  radius  of  the  curve  is  very  short  ; 
otherwise  they  are  not  necessary,  since  the  running  velocity 
is  always  low. 

2423.  An  arrangement  called  a  covered  tube,  or  con- 
duit, which  may  be  used  at  points  where  a  haulage-road 
crosses  highways,  to  enable  vehicles  to  pass  over  the  rope 
while  it  is  in  motion,  is  shown  in  Fig.  877.  It  consists  of 
two  castings  A  and  A'  of  the  form  shown,  which  constitute 
the  sides  of  the  tube,  or  conduit,  and  which  are  riveted  to 
ordinary  I  beams  B.  Over  these  castings  are  placed  two 
covers  C  and  C,  in  the  manner  shown  in  the  figure.  To 
strengthen  the  tube,  or  conduit,  the  braces  /and/'  are  riv- 
eted to  it  and  to  the  eye-beams.  D  and  D'  are  projections 
riveted  to  the  castings  A  and  A\  respectively,  to  keep  the 
covers  in  their  places.  The  legs  of  the  covers  C  and  C  are 
connected  by  links  £  and  £\  forming  a  toggle-joint;  these 
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links  are  joined  in  turn  to  a  rod  /%  which  is  connected, 
through  the  intervention  of  a  system  of  levers,  to  a  hand- 
lever  placed  at  the  outside  of  the  track.  By  giving  an 
upward  movement  to  the  rod  F^  the  links  E  and  E*  are 
forced  apart,  in  consequence  of  which  they  cause  the  covers 
C  and  C  to  take  the  position  shown  by  the  dotted  lines.     It 


Pig.  877. 

is  well  to  construct  the  conduit  in  such  a  manner  that  verti- 
cal lines  through  the  center  of  gravity  of  each  cover  will  fall 
between  the  points  G  and  G\  respectively,  when  the  covers 
are  raised,  i.  e.,  in  the  position  shown  by  the  dotted  lines, 
since  the  covers  will  then  close  automatically,  it  being  only 
neeessary  to  open  them. 

2424.  Fig.  878  shows  the  conduit  in  position.  It  will 
be  seen  that  the  length  of  the  conduit  is  equal  to  the  width 
of  the  highway.  Since  the  cross-ties  can  not  be  laid  at  this 
point,  short  rails  M  and  M\  having  a  length  equal  to  that  of 
the  conduit,  are  used.  They  are  riveted  at  their  ends  to 
chairs  /'and  P\  which  in  turn  are  riveted  to  the  eye-beams 
B.  This  construction  can  be  built  complete  in  the  shop, 
and  put  in  place  as  shown  in  the  figure.     The  ends  of  the 
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rails  abutting  the  short  rails  M  and  M'  rest  on  the  chairs 
Pand/",  and  are  bolted  to  thera.     The  covers  of  the  conduit 


are  always  closed  when  no  train  is  to  pass,  and  thus  allow 
vehicles  to  run  across  the  roadbed.  When  a  car  comes 
along,  the  hand-lever  A  located  at  the  side  o£  the  track  is 
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pulled  to  the  right,  thereby  causing  the  covers  of  the  conduit 
to  open,  as  before  explained,  and  allowing  the  train  to  pass, 
after  which  the  covers  are  again  closed  by  the  hand-lever. 


TRACK    MATERIALS. 

2425«  To  find  the  weight  of  one  mile  of  two  rails  in  tons 
of  2,240  pounds,  the  weight  in  pounds  per  yard  of  the  rail 
being  given  : 

Rule. — Divide  the  weight  in  pounds  per  yard  of  the  rail  by 
7,  and  multiply  the  quotient  by  11. 

Example. — How  many  gross  tons  of  rails,  weighing  20  lb.  to  the 
yard,  are  required  for  one  mile  of  single  track  ? 

Solution. —    ^  x  H  =  3tf  tons.    Ans. 

2426.  To  find  the  number  of  cross-ties  required  for  one 
mile  of  single-track  road,  the  distance  between  the  centers 
of  the  cross-ties  being  given  : 

Rule. — Divide  5^280  {the  number  of  feet  in  a  mile)  by  the 
distance  in  feet  between  the  centers  of  the  cross-ties. 

Example. — How  many  cross-ties  are  required  for  laying  one  mile  of 
single-track  road,  if  the  cross-ties  are  laid  21  inches  apart  from  center 
to  center  ? 

Solution. —  21  inches  reduced  to  feet  =  If  feet.  Then,  5,280  -^ 
\\  =  3,017,  nearly.     Ans. 

2427.  The  spikes  ordinarily  used  for  spiking  different 

size  rails  to  the  cross-ties,  and  the  average  number  of  spikes 

contained  in  a  200-pound  keg,  are  given  in  the  following 

table  : 

TABLE   48. 


Weight 

Average  Num- 

Size of  Spike 

in  Pounds 

ber  of  Spikes 

in  Inches. 

per  Yard  of 

per  Keg  of 

• 

Rails  Used. 

200  Lb. 

4    Xi 

25 

600 

4iXi 

35 

525 

5    Xi 

35  to  45 

448 
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TRACK'ROLLERS,  OR   CARRYING-SHEA VBS. 

2428.  To  prevent  the  wire  rope  of  a  haulage  plant  from 
dragging  on  the  roadbed,  or,  when  the  plane  is  very  concave, 
to  prevent  it  from  coming  in  contact  with  the  roof,  rollers, 
or  carryings-sheaves,  are  used.  These  are  essential,  since 
otherwise,  were  the  rope  permitted  to  drag  on  the  ground,  a 
greater  force  would  be  required  to  move  it,  and,  besides,  its 
life  would  be  shortened  considerably.  Rollers,  or  carrying- 
sheaves,  are  made  either  of  wood  or  cast  iron. 
A  form  of  wooden  roller  extensively  used  is 
shown  in  Fig.  879,  which  consists  simply  of  a 
wooden  roller  Qhsiving  a  J-inch  or  J-inch  diam- 
eter wrought-iron  axle  R  through  it.  The 
roller  is  held  in  place  by  the  bearings  S  and  5, 
which  are  usually  nailed  to  the  cross-ties.  Or- 
dinarily these  bearings  are  made  of  wood,  and 
are  of  such  length  that  they  rest  on  two  cross- 
ties.  The  bearings  should  be  so  located  in  the 
center  of  the  track  that  the  rope  runs  near  one 

g  end  of  the  roller,  so  that  when  the  rollers  are 
o  partly  worn  they  may  be  turned  end  for  end  or 
^  shifted  sideways,  so  that  the  rope  will  have  a  new 
surface  to  run  on.  Wooden  rollers  are  also 
frequently  constructed  by  boring  a  hole  through 
the  center  of  the  roller,  and  then  driving  into 
each  end  a  short  length  of  f-inch  or  |^-inch  gas- 
pipe,  which  acts  as  the  axle  of  the  roller. 
These  rollers  are  generally  made  of  maple,  gum, 
oak,  ash,  or  beechwood,  and  vary  in  diameter 
from  5  to  8  inches,  and  in  length  from  18  to  24 
inches.  The  life  of  such  rollers  varies  from  six 
to  eighteen  months. 

2429.  In  Figs.  880  and  881  are  shown  the  common 
forms  of  cast-iron  rollers,  or  carrying  sheaves.  In  Fig.  880 
the  roller  consists  of  a  cylindrical  shell  about  f  inch  thick, 
having  a  flange  at  each  end,  as  shown,  to  prevent  the  rope 
from  being  shifted  off  the  rollers  sideways.     Instead  of  using 
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wooden  bearings,  as  already  described,  iron  bearings  are  used 
here.  These  bearings  are  provided  with  caps  a  and  a,  which 
can  be  taken  off  when 
the  rollers  are  to  be  re- 
moved. The  journals 
of  the  shaft  arc  smaller 
in  diameter  than  the 
shaft  proper,  so  as  to 
form  shoulders  on  it, 
in  order  to  prevent  the  rollers  from  moving  sideways. 
These  rollers  are  generally  made  about  6  inches  in  diameter. 

2430.  In  Fig.  881  is  shown  another  form  of  cast-iron 
roller.  Here  the  cylindrical  shell  of  the  roller  Q  is  some- 
what tapered,  and  has  a  small  groove  in  its  center,  in  which 
the  rope  runs.  The  roller  is  tapered,  so  that  the  rope  will 
always  slide  down  to  the  groove.  The  shell  Q  of  the  roller 
is  fastened  to  the  shaft  R  by  means  of  the  arms  and  hub  5 
of  the  roller.  The  journals  t  of  the  shaft  are  smaller  in 
diameter  than  the  remaining  part  of  it,  thus  forming 
shoulders,  and  preventing  the  rollers  from  moving  sideways. 
The  bearings  [/  and  [/  are  of  cast  iron,  of  the  form  shown  in 


the  figure,  having  such  a  width  that  they  may  rest  on  two 
cross-ties,  to  which  they  are  generally  bolted.  The  bearings 
are  provided  with  a  receptacle  v,  in  which  oil  is  poured 
through  the  top  "(by  removing  the  cap  IV)  for  lubricating 
the  journals.  These  rollers,  or  carrying-sheaves,  are  gener- 
ally made  10  or  }!}  inches  in  diameter, 
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UNDERGROUND  HAULAGB-ENGINES. 
2431>  There  are  two  kinds  of  hauling-engines  in  use 
for  minft  haulage,  each  specially  fitted  for  different  classes  of 
work.  For  example,  engines  on  the  first  motion,  or  those 
connected  directly  to  the  drum-shaft,  are  best  adapted  for 
long  runs  and  level  roads;  on  the  other  hand,  engines  on 
the  second  motion  do  the  best  work  on  short  runs,  or  in 
hauling  loaded  trains  up  steep  inclines  pitching  from  the 
shafts.  The  engine  and  drums  illustrated  by  Fig.  883  fur- 
nish an  example  of  an  engine  on  the  second  motion.  Here 
the  drums  are  seen  mounted  on  a  heavy  shaft,  and  are  geared 


to  the  engine  by  massive  spur-gears  and  pinions.  This 
arrangement  is  designed  for  main  and  tail  rope  haulage; 
consequently,  the  drums  are  both  made  to  run  loose  on  the 
shaft  when  not  required  for  hauling.  When  the  main-rope 
drum  is  required  to  haul  out  a  train  of  cars  to  the  shaft,  it 
is  secured  to  the  spur-wheel  with  a  friction-clutch,  oi  other- 
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wise  the  pinion-wheels  on  the  engine-shaft  are  made  to  slide 
in  and  out  of  gear.  The  pinions  are  made  to  lock  onto  the 
engine-shaft  with  strong  keys  and  slots,  and  so  connected 
that,  as  one  pinion  is  put  into  gear,  the  other  is  thrown  out. 
These  changes  are  made  by  a  lever  and  slot  and  fork  ar- 
rangement, which  is  controlled  by  the  engineer.  After  a 
train  has  been  hauled  out  with  the  main  rope,  the  main-rope 
drum  is  thrown  out  of  gear  and  made  to  run  loose,  so  that, 
during  the  hauling  in  with  the  tail-rope  drum,  the  main  rope 
is  hauled  in  with  the  train ;  vice  versa,  to  haul  out,  the  main- 
rope  drum  is  put  into  gear,  and,  consequently,  the  tail-rope 
drum  is  thrown  out  of  gear  when  the  tail-rope  is  hauled  out 
with  outgoing  trains  of  loaded  cars. 

The  friction-clutch  connection  is  common  where  the  en- 
gine is  on  the  first  motion,  for  then  the  drums  are  mounted 
on  the  engine-shaft  The  braking  of  the  main  and  tail  rope 
drums  requires  special  care  and  attention  on  the  part  of  the 
engineer,  for  otherwise  he  may  hold  the  loose  running  drum 
too  tight,  and  in  that  case  unduly  strain  the  rope  engaged 
for  the  time  in  hauling,  and  at  the  same  time  waste  the 
available  energy  of  the  engine  and  reduce  the  velocity  of 
the  train.  On  the  other  hand,  if  the  running-off  rope  is  not 
kept  comparatively  tight,  it  may  overrun  and  kink  and  be 
destroyed.  Not  only  should  the  engineer  be  a  man  of  pru- 
dence, but,  for  safety  and  economy,  the  brake  arrangement 
should  be  so  constructed  that  it  will  secure  in  action  the 
following  good  points: 

(1)  It  must  be  strong  and  reliable;  (2)  the  friction  gen- 
erated must  be  sufficient  to  stop  and  hold  the  train  secure 
on  any  part  of  the  road;  (3)  the  brake  must  be  actuated 
by  a  compound  lever,  so  as  to  exert  a  great  stress  with 
the  power  of  an  ordinary  man's  arm ;  (4)  the  brake-handle 
must  be  fixed  in  a  position  so  near  the  throttle-valve  of  the 
engine  that  the  engineer  can  turn  from  one  to  the  other 
without  changing  his  position.  Fig.  883  shows  a  brake  and 
lever  arrangement  that  possesses  all  the  good  points  just 
referred  to. 
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UNDERGROUND  HAULAGB  BY  ENDLESS  ROPE. 

2432«  Haulage-drums  can  not  be  used  for  an  endless- 
rope  haulage,  as  in  this  case  two  ropes  must  run  continu- 
ously in  opposite  directions;  therefore,  it  is  out  of  the  ques- 
tion to  even  think  of  using  reels.  Reels,  or  drums,  however, 
can  not  be  disposed  of  without  substituting  wheels  that  not 
only  coil  on  but  coil  off  at  the  same  time,  and  yet  seize  the 
rope  for  hauling  as  securely  as  a  drum  would  do.  Now  it  is 
clear  that  a  single-grooved  pulley  could  not  seize  the  rope 
sufficiently  for  hauling  against  a  resistance  greater  than  the 
friction  due  to  a  rope  slipping  in  the  groove  whose  length 
is  equal  to  half  the  circumference  of  a  wheel.  Again,  it  is 
not  possible  to  make  two  or  more  turns  of  the  rope  round  a 
wheel,  and  haul  continuously  by  this  means,  because  the 
rope  would  all  run  on  at  one  side,  and,  therefore,  after  a  turn 
or  two,  would  coil  on  itself.  It  is  true  that  fleet- wheels  have 
been  contrived  by  which  the  coils  are  made  to  continuously 
slip  and  surge  from  one  side  of  the  tread  of  the  wheel 
towards  its  center ;  but  the  surging  and  slipping  on  such  a 
wheel  generates  a  heavy  strain  on  the  rope,  and  this,  added 
to  the  wear  by  the  friction  due  to  slipping,  soon  destroys  a 
good  rope,  and  renders  this  system  of  gripping  the  rope  a 
practical  failure. 

2433.  By  a  principle  in  mechanics,  two  grooved-heels 
can  be  made  to  secure  sufficient  gripping  force,  and  run  the 
rope  on  and  off  without  injury  from  surging  or  any  other 
cause.  To  understand  the  mode  of  action,  suppose  that  a 
rope  is  made  to  perform  the  circuits  of  eight  semicircular 
grooves  on  two  four-grooved  pulleys,  as  shown  in  plan  at  the 
top  of  Fig.  884.  Now  let  us  follow  a  point  of  the  rope 
throughout  its  journey,  from  the  time  it  enters  the  first 
groove  to  the  moment  of  leaving  the  last  one.  The  rope 
runs  half  round  the  first  wheel,  and  then  runs  off  to  the 
first  groove  of  the  second  wheel.  It  advances  to  the  second 
groove  of  the  first  wheel,  and  then  passes  half  round  and 
runs  off  to  the  second  groove  of  the  second  wheel.  The 
point  passes  round  the  second  groove  of  the  second  wheel. 
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continues  its  journey  to  the  third  groove  of  the  first  wheel, 
from  that  to  the  third  groove  of  the  second  wheel,  and  so  on. 
It  will  be  found  that  the  rope  leaves  the  fourth  groove  of 
the  second  wheel,  and  pursues  its  journey  in  the  line  of  the 
haulage.  The  eight  semicircles  are  equal  to  four  complete 
turns  round  one  drum,  and  the  grip  due  to  the  four  turns  is 
nearly  equal  to  the  breaking  strain  of  the  rope.  The  two 
grooved  wheels  solve  the  problem  of  providing  a  secure  grip 
for  a  haulage  that  is  equal  to  that  provided  by  a  drum  for 
hauling  on  an  ordinary  engine-plane.  In  the  lower  portion 
of  the  figure,  the  engine  is  seen  to  be  on  the  third  motion; 
this  means  that  a  small  engine  is  made  to  run  at  a  high 
velocity  and  thus  develop  as  much  power  as  could  be  devel- 
oped by  a  large  engine  on  the  first  motion. 

2434.  In  hauling  and  hoisting,  the  position  of  the  train 
or  the  cage  can  not  be  seen  by  the  engineer,  and,  as  safety  is 
required,  it  must  be  secured  by  some  mechanical  contrivance 
for  indicating  the  position  of  the  train  or  the  cage.  It  is 
important  that  the  engineer  should  know  how  to  regulate 
his  supply  of  steam,  and  when  to  apply  the  brake,  in  case  the 
road  over  which  the  train  is  running  is  pitching.  He  also 
should  know  to  a  foot  where  to  stop  the  train  at  the  different 
stations  on  the  haulage-roads.  Again,  the  engineer  at  the 
hoisting-engine  must  know  the  exact  position  of  the  ascend- 
ing cage,  so  that  he  can  run  at  a  maximum  speed  without 
fear,  and  stop  the  cage  within  an  inch  of  the  level  of  the 
landing-stage.  From  this  it  can  be  seen  that  the  shaft  or 
haulage-road  indicator  is  indispensable.  Fig.  885  is  an 
indicator  for  a  haulage-road.  The  velocity  ratios  of  the 
train  and  the  indicator-weight  are  so  proportioned  that  the 
latter  only  moves  over  a  space  of  one  foot  while  the  train 
on  the  haulage-road  is  running  a  distance  of  300  feet.  The 
velocity  ratios  are  1  for  the  indicator  to  300  for  the  train. 
This  reduction  in  the  velocity  of  the  indicator-weight  is 
secured  as  follows :  A  worm  on  the  end  of  the  drum-shaft 
runs  in  the  teeth  of  a  worm-wheel,  and  this  wheel  makes 
only  1   revolution   for  30  turns  of   the  drum.     Again,  the 
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diameter  of  the  barrel  for  winding  on  the  indicator-cord  is 
only  one-tenth  of  the  mean  diameter  of  the  drum  for  the 
haulage-rope,  and,  therefore,  30x10=300,  the  velocity 
ratio  of  the  haulage-rope.  The  worm-wheel  ana  the  drum 
for  the  indicator -cord  are  plainly  shown  in  the  figure. 


HAULAGE  BY  MINE  IX)COMOTIVES. 

2435>  There  are  three  types  of  mine  locomotives,  each 
of  which  has  been  successfully  used  in  mine  haulage;  and 
there  will  shortly  be  on  the  market  a  fourth  type,  which 
promises  to  be,  in  a  measure,  a  competitor  of  the  other 
three.  The  first  three  types  are:  steam  locomotives,  com- 
pressed-air locomotives,  and  electric  locomotives.  The 
fourth  is  a  locomotive  operated  by  a  gasoline-engine. 

2436.  The  steam  locomotives  used  in  mining  work  are 
practically  small  locomotives  of  the  ordinary  type;  they 
usually  have  two  driving-wheels,  and  sometimes  three,  on 
each  side;  the  water -tank  is  set  over  the  boiler,  and  the 
smokestack  is  shortened  so  that  it  does  not  extend  above 
the  top  of  the  boiler;  in  short,  the  smokestack,  top  of  boiler, 
and  top  of  small  cab  are  on  the  same  level,  and  low  enough 
to  permit  the  locomotive  to  enter  the  mine -passages.  They 
are  usually  made  with  a  short  wheel-base,  so  as  to  enable 
them  to  run  around  sharp  curves. 

2437.  While  these  small  locomotives  are  convenient, 
and  very  efficient  around  mines  for  outside  haulage,  they 


should  not  be  used  for  inside  haulage  if  their  use  for  such 
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haulage  can  be  avoided,  because  the  exhaust  from  the 
smokestack  vitiates  the  mine  air,  and  the  fire  under  the 
boiler  is  extremely  dangerous  in  any  mine  in  which  explosive 
gas  is  generated.  When  steam  locomotives  are  of  necessity 
used  in  mine  haulage,  the  haulage-road  should  always  be 
the  return-air  course ;  they  should  never  be  used  in  mines 
in  which  explosive  gas  is  found.  Fig.  880  shows  a  view  of  a 
typical  steam  mine  locomotive.  Where  such  locomotives 
are  used,  the  track  should  be  as  smooth  and  well  ballasted 
as  possible. 

2438.  The  compressed-air  locomotives  used  in  mine 
haulage  have  their  working  parts  built  very  similar  to  those  of 
steam  locomotives,  the  main  difference  being  that  the  boiler 
and  fire-box  are  replaced  by  one  or  two  compressed-air 
tanks,  which  are  usually  charged  with  compressed  air  at 
suitable  intervals  along  the  haulage-road.  The  compressed- 
air  locomotive  can  be  operated  with  safety  in  any  part  of 
a  mine  where  grades  will  permit,  and  is  not  dangerous  in 
the  event  of  the  mine  producing  explosive  gases.  However, 
the  installation  of  a  compressed-air  locomotive  is  much 
more  expensive  than,  that  of  the  steam  locomotive. 

2439*  The  compressed-air  locomotive  requires  a  sta- 
tionary plant  on  the  surface,  consisting  of  an  air-compressor 
of  proper  design  for  the  quantity  and  pressure  of  air  neces- 
sary to  run  the  locomotive;  in  addition,  unless  water-power 
is  available  to  run  the  compressor,  a  boiler  to  generate  steam 
for  that  purpose  is' required.  The  air  from  the  air-com- 
pressor must  be  conveyed  through  a  pipe-line  to  the  point 
or  points  where  it  is  convenient  to  charge  the  locomotive. 
Each  charging-station  consists  of  a  heavy  valve  with  a 
metallic  flexible  coupling,  bleeder-valve,  and  screw-joint, 
which  couples  to  a  similar  screw-joint  on  the  locomotive. 
While  it  is  entirely  practicable  to  charge  a  compressed-air 
locomotive  direct  from  the  compressor,  without  any  inter- 
mediate storage-reservoir,  it  is  not  economical  unless  a  num- 
ber of  locomotives  are  used,  so  that,  while  one  locomotive  is 
being  charged,  the  rest  are  making  trips. 
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2440.  The  best  and  cheapest  method  is  to  operate  the 
compressor  at  a  nearly  uniform  speed,  pumping  continuous- 
ly in  the  storage-reservoir  from  which  the  locomotive  is 
charged.  If  the  compressor  is  only  run  while  the  locomo- 
tive is  charging,  the  wear  and  tear  on  the  compressor  and 
boiler  are  greater,  steam  and  fuel  are  wasted,  an  unneces- 
sarily large  compressor  is  required,  and  the  locomotive  is 
held  idle  longer  than  desirable.  One  or  more  stationary 
tanks  may  be  used  for  storage-reservoirs,  but  a  pipe-line  is 
preferable,  because  it  is  handier,  and  provides  opportunity 
for  a  number  of  charging-stations  at  different  points,  and 
also  makes  it  easy  to  charge  different  locomotives  in  differ- 
ent places  or  on  different  levels  of  the  mine,  besides  convey- 
ing the  air  wherever  desired. 

2441.  The  whole  operation  of  stopping  the  locomotive, 
connecting  it  to  the  charging-station,  charging  it  to  the  re- 
quired pressure,  and  disconnecting,  and  starting  on  its  trip, 
can  usually  be  performed  in  less  than  one  and  one-half 
minutes. 

2442.  The  pressure  and  cubic  capacity  of  the  pipe-line 
or  tank  should  be  so  proportioned  that,  when  the  locomotive 
returning  for  a  new  charge  is  connected,  the  pressure  of  the 
locomotive  and  of  the  pipe-line  equalize  almost  instantly  to 
the  required  pressure.  It  is,  therefore,  necessary  to  carry 
a  higher  pressure  in  the  pipe-line  than  is  needed  for  the 
locomotive.  The  necessary  pressure  of  air  and  capacity  of 
the  pipe-line  can  very  easily  be  determined.  For  instance, 
if  the  locomotive-tanks  have  100  cu  ft.  capacity,  the  char- 
ging pressure  needed  for  the  locomotives  is  500  lb.,  and  the 
average  pressure  remaining  in  the  locomotive,  when  re- 
turning for  the  new  charge,  is  50  lb.,  a  pipe-line  of  300  cu. 
ft.  capacity  and  650  lb.  pressure  will,  when  connected  with 
the  locomotive,  charge  it  instantly  to  500  lb.  This  is  shown 
by  the  following  calculation : 

The  pressure  in  the  locomotive-tank  is  50  lb.  and  that  in 
the  pipe-line  is  650  lb. ;  the  volume  of  the  tank  is  100  cu.  ft. 
and  that  of    the    pipe-line   is  300  cu.  ft.      The   resulting 
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pressure,  when  the  two  are  connected,  may  be  obtained  from 
formula  19  in  Gases  Met  With  in  Mines.     Thus, 

Pv+P^v,  __  50X100+650X300  _  . 

^-         V 100  +  300  -  ^^  ^  '  P^"^  ^^'  '''•' 

the  pressure  needed  for  the  locomotive.  Practically  the 
same  result  would  be  reached  by  a  pipe-line  of  410  cu.  ft.  at 
600  lb.  pressure,  or  250  cu.  ft.  at  680  lb.  pressure. 

2443.  In  actual  practice,  for  the  sake  of  economy,  the 
air-compressor  may  be  regulated  so  as  to  charge  the  pipe- 
line to  a  lower  pressure,  whenever  it  may  be  desired  to  run 
the  mine  at  less  than  its  full  output.  The  compressor  can 
be  made  automatic,  and  may  be  set  for  any  required  maximum 
pressure,  and  to  retard  its  speed  as  this  limit  is  approached. 
Relief- valves  should  be  used  for  both  the  pipe-line  and  for  the 
locomotive,  as  a  protection  against  over-charging.  In  some 
cases,  where  the  pipe-line  extends  beyond  the  charging- 
station  quite  a  distance,  a  less  pipe-line  pressure  may  be  used; 
and  after  the  locomotive  has  been  connected  with  the  pipe- 
line, and  the  pressure  has  been  equalized,  that  part  of  the 
pipe-line  beyond  the  charging-station  may  be  shut  off  by  a 
valve,  and  the  locomotive  may  continue,  connected  by  the 
remaining  part  of  the  pipe-line  to  the  compressor,  until  the 
required  pressure  is  reached,  when  the  locomotive  can  be 
disconnected  and  the  valve  opened.  There  is  no  difficulty  in 
obtaining  and  laying  pipe  strong  enough  to  stand  500  to 
1,000  lb.  pressure  to  the  square  inch,  and  this  form  of  reser- 
voir costs  very  nearly  the  same  as  equivalent  storage  in 
tanks.  Four  to  six  inches  diameter  is  usually  the  best  size 
for  pipe-line.  Air  may  be  conveyed  several  miles  through 
a  pipe  of  as  small  diameter  as  two  inches  with  scarcely  ap- 
preciable loss  of  pressure.  For  a  pressure  of  500  to  600  lb. 
or  more,  a  three-stage  compressor  is  generally  preferred. 
If  a  low-pressure  compressed-air  system  is  also  used  for 
operating  mine  machinery,  such  as  drills,  pumps,  hoists, 
etc.,  it  is  often  economical  to  supply  the  locomotive  with  air 
from  the  low-pressure  system,  at,  say,  60  to  100  lb.  pressure; 
in  this  case,  a  special  auxiliary  two-stage  compressor  is  used* 
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For  extra  light  work,  short  trips,  and  easy  grades,  a  pres- 
sure of  80  to  100  lb.  may  be  sufficient  for  the  locomotive. 

2444.  Air-compressors  are  now  so  constructed  that 
they  may  be  used  during  the  daytime  to  furnish  high- 
pressure  air  from  400  to  800  lb.  for  operating  the  locomo- 
tives, and  during  the  night  to  furnish  air  at  low  pressure — 
60  to  100  lb. — for  operating  drills,  etc.  This  arrangement  is 
convenient  for  night-work,  whether  it  consists  in  driving 
entries  or  in  getting  mine  faces  ready  for  the  miners. 

2445.  As  stated  before,  the  mechanical  construction  and 
practical  operation  of  the  compressed-air  locomotive  is  simi- 
lar to  that  of  the  steam  locomotive.  Air-tanks  take  the 
place  of  the  boiler,  and  the  air  is  applied  and  used  in  much 
the  same  manner  as  steam ;  the  details,  however,  are  modi- 
fied to  secure  the  most  economical  and  convenient  use  of  the 
air.  The  main  air-tanks  should  be  made  of  a  special  quality 
of  heavy  steel  plates,  with  heavy  butt-riveted  welt-strip  hori- 
zontal seams,  and  with  both  heads  flanged  convex.  The 
front  head  should  be  provided  with  a  manhole.  The  usual 
range  of  charging  pressure  for  compressed-air  locomotives  is 
500  to  800  lb.,  although  heavier  pressure  can  be  used  in  case 
of  long  hauls  and  heavy  work,  with  but  one  charge  of  air. 

2446«  Experience  has  shown,  in  well-constructed  air 
pipe-lines,  that  slight  changes  in  temperature  cause  greater 


Fig.  887. 


variations  in  pressure  than  are  produced  by  leakage.  A 
properly  constructed  pipe-line,  with  heavy  connections,  care- 
fully fitted,  and  supplied  with  special  valves,  will  lose  very 
little,  if  any,  through  leakage.     While  the  first  cost  of  a 
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compressed-air  haulage  plant  is  greater  than  that  of  a  steam 
locomotive,  the  cost  of  maintenance  is  less;  the  cost  of 
operating,  however,  exclusive  of  repairs,  is  slightly  more 
when  but  one  locomotive  is  used.  When  several  compressed- 
air  locomotives  are  used,  the  difference  in  cost  of  mere  opera- 
tion becomes  less,  until  it  reaches  a  point  at  which  it  is 
really  cheaper  than  the '  operation  of  the  same  number  of 
steam  locomotives.  Figure  887  is  a  side  view  of  a  modern 
compressed-air  mine  locomotive. 

2447.  Electric  mine  locomotives  consist  essentially  of 
a  heavy  truck,  the  wheels  of  which  are  rotated  by  a 
mechanism  operated  by  an  electric  motor.  The  operation 
of  the  electric  mine  locomotive  is  very  similar  to  that  of  an 
electric  trolley-car ;  in  fact,  the  power  to  run  the  locomotive  is 
conveyed  along  the  haulage-road  through  a  conducting  wire 
on  which  a  trolley  connected  with  the  locomotive  runs. 

2448.  The  electric  locomotive  possesses  one  great  ad- 
vantage over  the  steam  locomotive :  there  is  no  exhaust  to 
vitiate  the  air  of  the  mine.  It  is,  therefore,  an  excellent  haul- 
age-machine for  use  in  mines  free  from  explosive  gas.  Its 
use  requires  the  erection  of  a  plant  for  generating  electricity 
on  the  surface.  The  power  thus  generated  is  very  con- 
venient, and  the  current  carried  along  the  conducting  wires 
can  be  utilized  for  many  purposes  in  mines.  For  instance, 
coal-cutters,  pumps,  drilling-machines,  hoists,  etc.,  etc.,  can 
be  operated  by  it.  This  gives  electric  haulage  plants  ad- 
vantages which  have  resulted  in  their  adoption  in  many 
mines.  Actual  results  prove  them  very  efficient  and  econom- 
ical in  operation. 

2449.  Gasoline  mining  locomotives  have  not  as  yet 
been  used,  although  the  successful  utilization  of  gasoline- 
engines  for  other  purposes  makes  it  evident  that  one  manu- 
facturer's claim  of  his  ability  to  produce  a  gasoline  locomo- 
tive is  well  founded.  Such  a  locomotive,  however,  will  be 
open  to  one  of  the  objections  for  mine  use  that  applies  to  a 
ste^m  locomotive,  viz.,  the  vitiation  of  the  mine  air  by  the 
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products  of  the  combustion  of  the  gasoline  vapor  in   the 
cylinders,  which  must  pass  out  through  the  exhaust. 

2460.  All  the  types  of  mine  locomotives  mentioned  re- 
quire for  successful  operation  that  the  grades  of  the  roads  over 
which  they  run  be  comparatively  light;  in  this  respect,  they 
are  less  advantageous  than  rope  haulage.  Again,  as  stated 
before,  with  mine  locomotives  the  haulage  is  performed  in 
a  more  intermittent  manner  than  by  rope  haulage,  more 
especially  than  by  the  endless-rope  system.  In  the  con- 
struction of  mine-tracks  for  locomotive  haulage,  the  same 
general  rules  apply  as  in  the  construction  of  tracks  for  rope 
haulage,  the  only  difference  being  that,  when  locomotives  of 
any  type  are  used,  the  outer  rail  of  all  curves  should  be 
slightly  elevated.  The  same  rule  regarding  the  size  of 
curves  applies  in  the  case  of  locomotive  haulage  as  in 
rope  haulage,  namely,  that  they  should  be  of  as  large  radius 
as  possible,  though  it  must  be  said  that  well-designed  mine 
locomotives  with  a  short  wheel-base  will  run  and  pull  trips 
around  sharp  curves  better  than  any  type  of  rope  haulage. 


Hoisting  and  Hoisting  Appliances. 


INTRODUCTION. 

2451.  In  order  that  we  may  study  hoisting  machinery 
to  the  best  advantage,  we  will  divide  it  into  its  component 
parts  and  consider  these  separately.     They  are  as  follows: 

Motors,  Cars, 

Drums,  Rope  Carriers, 

Ropes,  Tracks. 

In  other  words,  a  hoisting  plant,  generally  speaking,  con- 

sists,  first,  o{  a  motor  to  supply  power  and  to  rotate  a  drum; 

second,  o£ai/r«w/ tobedriven  by  the  motor  and  to  wind  upon 

itself  a  rope;  third,  of  a  rope  to  be  wound  upon  the  drum 

and  to  carry  at  its  end  a  car ;  fourth,  of  a  car  to  be  carried 

by  the  rope  and  to  contain  the  material  to  be  hoisted;  fifth, 

of    rope  carriers  to  guide 

and  control  the  rope;  and, 

sixth,  of  a  track  to  guide 

and  control  the  car  during 

its  travel. 

2452.  As  we  have 
said,  the  motor  of  a  hoist- 
ing plantis  that  part  which 
supplies  the  power.  In 
the  case  of  an  ordinary 
ivlndlass,    as    shown 

in  Fig.  888,  the  motor  is  fm.  we. 

aman,  who  turns  the  crank-handles,  and  thus  applies  power 
§S3 
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to  the  drum.     In  the  case  of  a  horse-gin,  as  shown  in  Fig. 
889,  the  motor  is  a  horse,  which  is  hitched  to  the  end  of  the 
horizontal  lever,  and,  by 
walking  around  the  gin, 
supplies     power     to     the 
drum.      These  motors  an- 
swer their  purposes,  but 
they  are  only  capable  of 
exerting    small    amounts 
j  of  power;  as   it  becomes 
necessary  to  hoist  heavy 
FIG.  8f8.  loads  from  great  depths, 

more  powerful  motors  must  be  employed.  In  Fig.  S90  is 
shown  an  electric  motor,  or  dynamo,  arranged  as  a  motor 
for  a  hoist;  in  Fig.  8'Jl  is  shown  a  duplex  or  double-cylinder 


engine  similarly  arranged.  We  have  before  us,  then,  two 
powerful  motors  applicable  to  a  hoisting  plant;  namely, 
electric  motors  and  engines.  In  aiUual  practice,  these  are 
found  to  fill  all  requirements,  and,  under  certain  conditions, 
each  has  advantages  over  the  other. 
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It  would  be  well  to  note  here  that  there  is  a  fundamental 
diiference  between  the  first  two  motors  cited  and  the  last 
two.  The  first  two — that  is,  the  man  and  the  horse — actually 
supply  the  power  that  is  transmitted  to  the  drum.  The  last 
two — that  is,  the  dynamo  and  the  engine — do  not  actually 
supply  the  power,  but  simply  transform  it.  The  electric 
motor  is  supplied  with  electrical  energy  from  some  other 
source  and  transforms  it  into  mechanical  power,  which  is 
then  transmitted  to  the  drum.  The  engine  is  supplied 
with  energy  in  the  form  of  steam  or  compressed  air,  and 


Flo.  8B1. 

transforms  it  into  mechanical  power.  As  far  as  the  hoist- 
ing plant  is  concerned,  however,  these  motors,  the  electric 
motor  and  the  engine,  do  supply  the  power. 


ELECTRIC  MOTORS,  OR  DYNAMOS. 
2453.  Of  late  years  electricity  has  found  its  way  into 
almost  every  branch  of  engineering,  and  mining  engineer- 
ing is  not  an  exception  to  the  rule.  We  find  it  taking  the 
place  of  steam  and  compressed  air  in  driving  drills  and 
mining  machines,  locomotives  for  underground  haulage, 
pumps,  and  hoisting-engines.  Fur  the  latter  purpose  it  is 
well  adapted  and,  under  certain  conditions,  has  many  ad- 
vantages. Some  of  these  are  due  simply  to  the  use  of  an  elec- 
tric motqr  in  place  of  an  engine;  others  are  due  to  the  use 
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of  electricity  instead  of  steam  ;  and  still  others  are  due  to  the 
system  of  electrical  transmission  and  transformation  itself. 

2454.  By  using  an  electric  motor  for  a  hoist  a.  rotary 
motion  is  obtained  directly,  and  can  be  reduced  and  trans- 
mitted to  the  winding  drum  simply  through  spur-gearing; 
whereas  an  engine  gives  a  reciprocating  motion  that  must 
be  transmitted  to  the  drum  by  means  of  cross-heads,  con- 
necting-rods, and  cranks.  The  reason  why  the  motion  of  an 
electric  motor  must  be  reduced,  in  transmitting  it  to  the 
drum,  is  because  the  speed  is  necessarily  too  high  for  the 
drum.  An  electric  motor  is  a  less  complicated  piece  of 
mechanism  than  an  engine,  and  it  consequently  requires 
less  attendance  and  less  repairs.  It  has  no  valve-gear  to 
get  out  of  order,  and  it  is  more  compact  and  occupies  less 
room  than  an  engine  of  the  same  power.  The  speed  and 
power  of  an  electric  motor  are  regulated  by  means  of  a  con- 
troller as  readily  as  the  speed  and  power  of  an  engine  are 
regulated  by  the  throttle. 

2455.  By  using  electricity  instead  of  steam  the  neces- 
sity of  steam-pipes  is  avoided,  their  place  being  taken  by 
two  wires.  These  are  much  more  easily  laid  and  carried 
than  steam-pipes.  They  take  up  little  or  no  room,  and  can 
be  carried  along  the  most  tortuous  passageways  when  the 
power  is  wanted  underground.  There  is  no  heat  from  them 
as  there  is  from  steam-pipes,  and  the  loss  due  to  the  resist- 
ance of  the  wire  to  the  current,  known  as  line  loss,  is  very 
small  compared  with  the  loss  due  to  the  condensation  of 
steam  in  the  pipes.  If  the  hoist  is  to  be  underground,  there 
is  no  exhaust-steam  to  heat  and  vitiate  the  air  and  rot  the 
timbers. 

If  the  power  has  to  be  transmitted  any  considerable  dis- 
tance, or  if  it  must  be  transformed  from  some  natural 
source,  as  wind  or  water  power,  the  advantages  of  the  elec- 
trical system  of  transmission  and  transformation  are  very 
great.  Suppose,  for  instance,  that  we  have  a  well-equipped 
mining  plant  consisting  of  boilers  and  engines,  with  power 
to  spare,  and  it  is  desired  to  sink  a  shaft  at  some  remote 
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place  on  the  surface  or  at  some  underground  point.  We 
have  simply  to  connect  a  dynamo  to  one  of  the  engines  to 
transform  some  of  the  spare  power  into  electrical  energy, 
run  wires  to  where  the  hoisting  must  be  done,  and  use  an 
electric  hoist.  Or,  suppose  a  water-power  is  available, 
either  close  at  hand  or  at  some  distance  from  where  the 
hoisting  is  to  be  done.  We  would  then  use  a  water-wheel 
or  turbine  and  a  dynamo  instead  of  boilers  and  engines,  and 
transmit  and  use  the  electrical  energy  as  before.  By  such 
an  arrangement,  we  would  save  the  cost  of  fuel  and  the 
handling  of  it  and  the  ashes. 

2456.  From  the  foregoing,  it  is  evident  that  the  stu- 
dent of  hoisting  machinery  should  know  something  of  elec- 
trical matters,  and  be  as  familiar  with  the  fundamental  laws 
of  electricity  as  he  is  with  those  of  steam,  and  as  familiar 
with  the  characteristic  points  of  a  dynamo  as  he  is  with 
those  of  an  engine. 

2457.  There  are  two  kinds  of  dynamos:  viz.,  direct- 
current  dynamos  and  alternating-current  dynamos. 

Alternating-current  dynamos  are  of  two  kinds,  single- 
phase  and  multiphase.  In  speaking  of  dynamos  specifically, 
the  one  that  transforms  mechanical  energy  into  electrical 
energy  is  called  the  generator,  and  the  one  that  trans- 
forms the  electrical  energy  back  into  mechanical  energy  is 
called  the  motor. 

2458.  Direct -current  dynamos  are  suitable  for  hoisting 
machinery  provided  the  hoist  is  near  the  generating  station 
or  plant;  but  if  the  current  must  be  carried  a  long  dis- 
tance, the  system  becomes  impracticable  because  of  the 
necessarily  low  voltage  of  the  current  and  the  consequent 
great  cost  of  the  conducting  wires.  Direct-current  dyna- 
mos, suitable  for  power  purposes,  can  not  be  made  to  oper- 
ate successfully  at  a  much  higher  electromotive  force  than 
1,000  volts,  on  account  of  the  arcing  and  short-circuiting  of 
the  commutator  and  its  connections.  Furthermore,  the 
direct  current  can  not  be  transformed  to  a  higher  voltage 
except  in  a  machine  like  a  dynamo  and  having  the  same 
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objections.  The  plan  of  connecting  up  several  dynamos  in 
series,  and  so  increasing  the  voltage,  has  been  tried ;  but  it 
is  suitable  only  where  power  must  be  transmitted  and  used 
in  large  units.  It  would  certainly  be  impracticable  to  con- 
nect up  several  generators  in  series  to  give  a  current  of 
high  enough  voltage  to  be  transmitted  economically,  and 
then  use  several  motors  in  a  similar  series  to  drive  a  hoist. 

2469.  The  single-phase  alternating-current  dynamo  can 
without  difficulty  be  made  to  generate  and  use  a  current  of 
3,000  to  4,000  volts,  or  even  more  if  necessary,  because  the 
current  is  taken  from  and  by  two  continuous  rings  without 
being  rectified,  thus  avoiding  the  difficulties  attending  the 
commutators  of  the  direct-current  machine.  By  the  prin- 
ciple of  induction,  an  alternating  current  of  moderate  volt- 
age can  be  transformed  into  a  current  of  smaller  amperage 
and  higher  voltage,  for  transmission,  and  can  be  re-trans- 
formed at  the  other  end  of  the  line  to  any  voltage  desired, 
the  amperage  varying  inversely  as  the  voltage.  The  energy 
remains  the  same,  with  the  exception  of  a  small  loss  in  the 
transformation,  amounting  to  about  2  per  cent.  As  the 
coils  of  the  transformer  are  stationary,  and  as  there  are  no 
sliding  contacts,  any  desired  amount  of  insulation  can  be 
used,  and  almost  any  voltage  that  can  be  controlled  on  the 
line  can  be  obtained.  Many  plants  are  in  operation  with 
currents  of  10,000  to  12,000  volts,  and  some  with  currents  as 
high  as  50,000  volts. 

The  single-phase  alternating  current,  however,  consisting 
as  it  does  of  a  simple  alternating  wave,  is  not  suitable  for 
hoisting  machinery,  because  no  satisfactory  single-phase 
alternating  motor  has  yet  been  devised  that  is  self-starting 
under  load  and  capable  of  speed  regulation.  If  a  motor 
built  on  the  same  lines  as  a  single-phase  generator  is  brought 
up  to  the  proper  speed  by  some  external  power,  so  that  the 
alternating  impulses  will  act  in  the  right  direction  at  the  right 
instants,  and  if  the  current  is  then  turned  on  and  the  load 
gradually  applied,  it  will  run  satisfactorily  at  constant  speed. 
Such  a  machine  is  called  a  synchronous  motor,   because  it 
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runs  synchronously,  or  in  step,  with  the  alternations  of  the 
current.  Its  speed  can  not  be  regulated,  and  if  a  sudden 
load  causes  it  to  slow  down  or  lose  step,  it  stops.  It  is  in- 
convenient, and,  in  fact,  impracticable,  for  service  where 
frequent  stops  and  starts  are  necessary,  because  starting  it 
is  such  a  tedious  operation,  and  if  it  must  start  with  the 
load  on,  it  can  not  be  used  at  all. 

2460.  The  successful  development  of  the  multiphase 
system  during  the  past  few  years  has  solved  the  problem, 
and  has  secured  the  advantages  of  both  the  direct  and  alter- 
nating  currents.  A  multiphase  generator  has  several  wind- 
ings, so  placed  as  to  generate  several  alternating  currents 
differing  in  phase ;  that  is,  passing  the  zero  and  maximum 
points  at  different  instants.  Under  the  influence  of  these 
currents,  which  may  be  compared  roughly  to  the  cranks  of 
a  duplex  or  triplex  engine  without  any  dead-center,  multi- 
phase synchronous  motors  are  self-starting  under  light  load, 
while  non-synchronous  or  induction  motors  will  start  under 
full  load  and  are  capable  of  speed  regulation.  The  latter 
possess  the  good  qualities  of  the  direct-current  motors,  and 
the  additional  advantage  of  having  no  commutator.  Further- 
more, the  multiphase  alternating  current,  like  the  single- 
phase  current,  retains  the  indispensable  quality,  for  long- 
distance transmission,  of  being  transformable  from  low  to 
high  voltage  for  transmission,  and  from  high  to  low  voltage 
for  use  at  its  destination. 

Most  of  the  earlier  dynamos  used  for  hoisting  were  street- 
car motors  geared  to  friction  hoists.  This  type  is  very 
satisfactory  for  small  or  medium  sized  hoists,  as  the  friction- 
gear is  an  assistance  to  the  motor  controller  in  smooth  start- 
ing. For  large  hoists  a  positive-geared  motor  is  more 
reliable ;  but  it  is  desirable  to  interpose  a  friction-clutch  or 
an  equivalent  device  at  some  point  between  the  armature 
and  the  drum  as  a  safeguard  against  excessive  strains  on  the 
gearing  due  to  the  inertia  of  the  armature  and  the  too 
sudden  stopping  of  the  drum  with  the  brake. 

2461.  The  choice  of  the  best  kind  of  motor  depends  to 
some  extent  on  the  size  of  the  hoist,  its  location,  and  the 


8        HOISTING  AND  HOISTING  APPLIANCES,    g  23 

nature  of  the  work.  For  an  unbalanced  hoist  of  moderate 
size,  especially  if  placed  underground  and  exposed  to  dirt  and 
water,  the  iron-clad  series-wound  street-car  type  is  well 
adapted,  as  it  is  strong,  well  protected,  and  designed  to 
stand  heavy  work  on  intermittent  service  In  this  motor, 
efficiency,  low  heating,  and  absolute  freedom  from  sparking 
are,  to  some  extent,  sacrificed  for  compactness  and  light- 
ness. For  large  hoists,  which  are  generally  located  in  com- 
paratively clean,  dry  places,  which  are  either  double-acting 
and  balanced  or  single-acting  and  overbalanced,  so  as  to 
act  continuously,  and  in  which  high  efficiency  is  of  consid- 
erable importance,  the  stationary  type  of  motor  is  usually 
preferable. 

2462.  The  speed  controller  is  one  of  the  most  important 
features  of  an  electric  hoist.  On  many  of  the  earlier  hoists, 
the  commutated  field,  thrown  into  various  combinations  of 
different  resistances  by  a  cylinder  switch,  was  employed, 
this  form  of  control  being  at  that  time  widely  used  in  street- 
car service.  This  controller  gave  quite  satisfactory  results 
when  assisted  by  friction-gearing,  but  with  positive  gearing 
it  would  not  give  a  sufficiently  gradual  start.  On  most 
hoists,  a  variable  resistance  in  armature  circuit  is  employed  ; 
and  by  making  this  resistance  sufficiently  high,  a  per- 
fectly smooth  start  may  be  obtained,  even  with  a  slack  rope. 
The  most  satisfactory  rheostatic  controller,  especially  for 
heavy  work,  is  one  in  which  the  resistance  is  cut  in  and  out 
by  a  cylindrical  switch  with  a  magnetic  blow-out,  which 
avoids  the  troublesome  effect  of  arcing  at  contacts,  when 
the  current  is  broken.  In  some  cases  it  is  practicable  to 
use  a  double-motor  equipment,  with  series-parallel  controller, 
such  as  is  now  employed  almost  exclusively  in  street-car  work. 


ENGINES. 


TYPES    OF    HOISTING-BNGINGS. 

2463.  The  engines  of  a  hoisting  plant  are  operated  ac- 
cording to  two  methods.  They  are  either  continuous  or 
intermittent  in  their  action;  that  is,  they  either  run  con- 
tinuously, empty  or  under  some  other  load,  and  have  the 


S  23   HOISTING  AND  HOISTING  APPLIANCES.         9 

work  of  hoisting  put  upon  them  by  means  of  a  clutch,  or 
they  are  connected  to  the  drum,  either  direct  or  through 
gearing,  and  are  run  only  when  making  a  hoist.  The  first  of 
these  methods  has  been  employed  extensively  in  regions 
where  fuel  is  expensive,  and  where  it  is,  therefore,  desirable 
to  obtain  power  economically  by  concentrating  it.  If  a 
mine  is  equipped  with  an  air-compressor  for  compressing  air 
for  rock-drills,  or  an  underground  hoist,  or  both,  with  a  fan 
for  ventilation,  and  has  several  openings  where  hoisting  is 
to  be  done,  one  high-duty  engine  can  be  used  to  operate 
them  all,  and  greater  economy  of  fuel  be  obtained  than  if 
smaller  and  separate  engines  were  used  for  each  operation. 
The  fan  and  the  air-compressor  would  give  a  steady  load, 
and  the  work  of  hoisting  would  be  added  to  this  as  the  hoists 
were  made.  But  this  kind  of  engine  does  not  come  nat- 
urally into  our  present  studies,  because  it  is  an  engine  pure 
and  simple,  and  is  not  affected  by  any  of  the  requirements  of 
the  hoisting  service.  The  clutches  that  are  used  for  driving 
the  drums  will  be  taken  up  later  in  connection  with  drums. 

The  second  method  of  using  an  engine  in  a  hoisting  plant 
— that  is,  of  having  it  connected  to  the  drum  either  direct 
or  through  gearing,  and  running  it  only  when  making  a 
hoist — is  the  method  generally  adopted  and  the  one  we  shall 
study,  because  it  requires  a  hoisting-engine. 

A  hoisting-engine  should  be  a  duplex  engine ;  it  may  be 
condensing  or  non-condensing;  its  size  should  bear  an  inti- 
mate relation  to  the  amount  and  kind  of  work  to  be  done; 
it  may  be  driven  by  steam  or  compressed  air  ;  it  should  have 
a  suitable,  quick-acting  throttle-valve^  and  the  cylinders 
should  be  supplied  with  relief -valves. 

2464.  Duplex  Engines. — One  of  the  essentials  of  a 
good  hoisting-engine  is  that  it  shall  be  capable  of  picking  up 
the  maximum  load  at  any  point  in  the  hoist.  If  the  engine 
is  a  single-cylinder  engine,  there  will  be  two  points  in  its 
revolution,  the  front  and  back  dead -centers,  at  which  it  will 
be  entirely  powerless  ;  and  near  to  these  points  it  will  be 
capable  of  exeiting  only  a  very  small  amount  of   power. 
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If,  with  this  sort  of  engine,  the  cage  is  at  the  bottom  of  the 
hoist,  or,  in  fact,  anywhere  throughout  the  hoist  where  it 
might  be  necessary  to  stop,  and  the  engine  is  on  or  near 
one  of  its  dead-centers,  it  will  be  impossible  to  start  to  hoist. 
To  avoid  this  state  of  affairs,  two  engines  are  placed  side  by 
side,  acting  on  the  same  shaft,  either  engine  being  large 
enough  to  pick  up  the  maximum  load  by  itself.  Such  a 
combination  of  two  single-cylinder  engines  is  called  a  duplex 
engine.  A  cross-compound  engine  with  its  cranks  set  at 
right  angles  to  each  other  will  evidently  produce  the  same 
effect  in  starting  a  load  as  a  duplex  engine;  that  is,  there 
will  be  no  dead-center.  The  two  cylinders,  each  having  its 
own  piston  and  piston-rod,  should  have  separate  connecting- 
rods  and  cranks,  and  the  cranks  should  take  hold  of  the 
same  shaft  at  right  angles  to  each  other.  By  this  arrange- 
ment, it  will  readily  be  seen  there  is  no  dead-center  or 
point  where  the  engine  is  powerless.  When  one  crank  is  on 
a  center,  the  other  is  in  its  most  effective  position. 

2465*    CondetislnflT  or  Non-Condenslns:  Enslnes. — 

Steam-engines  for  hoisting  service  may  be  built  either 
condensing  or  non-condensing;  which  is  the  better  depends 
upon  the  circumstances  of  each  case.  Condensing  engines 
are  larger  and  cost  more  to  build  than  non-condensing 
engines  of  the  s:ime  power,  and  the  only  gain  is  in  the 
greater  economy  of  fuel  of  the  condensing  engines.  If, 
therefore,  the  hoisting  plant  under  consideration  is  to  be 
located  at  a  coal  mine  or  in  a  coal  region,  where  fuel  is 
cheap,  it  would  not  be  advisable,  generally  speaking,  to  go 
to  the  expense  of  putting  in  condensing  engines.  On  the 
other  hand,  if  the  plant  is  to  be  located  at  a  metal  mine, 
where  fuel  is  scarce,  the  economy  of  the  condensing 
engine  may  more  than  balance  its  greater  expense.  It  must 
be  borne  in  mind,  however,  when  deciding  between  the  two, 
that  hoisting  is  not  an  operation  in  which  much  economy  can 
be  gained  by  condensing,  because  the  power  required  is  so 
variable  and  intermittent.  Condensing  engines,  too,  are 
more  complicated  than  non-condensing  engines,  and  this  is 
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always  an  objection.  One  of  the  essentials  of  a  good  hoist- 
ing-engine is  that  it  shall  be  capable  of  exerting  its  maximum 
power  at  any  time.  In  the  case  of  a  condensing  engine,  this 
demands  two  things.  One  is  that  provision  must  be  made 
to  admit  live  steam  into  the  low-pressure  cylinder,  and  the 
other  is  that  the  condenser  and  air-pump  must  be  independ- 
ent. We  have  assumed  here  that  any  condensing  engine 
which  we  may  consider  must  be  a  cross-compound;  in  the 
first  place,  because  in  a  condensing  engine  the  range  of 
temperature  of  the  steam  is  so  great  that  with  a  single 
cylinder  the  initial  condensation  would  be  very  large,  and, 
in  the  second  place,  because,  as  we  have  seen,  a  hoisting- 
engine  should  be  a  double-cylinder  engine  in  order  that  it 
may  be  able  to  start  the  load  at  any  position  of  the  hoist. 
This  last  reason  was  explained  above,  but  the  first  reason 
will  be  considered  more  fully  here. 

2466.  Suppose,  for  instance,  an  engine  is  supplied 
with  steam  at  100  pounds  gauge  pressure,  which  is  equiva- 
lent to  about  115  pounds  absolute  pressure.  The  temper- 
ature of  such  steam  is  338°  F.  Let  us  admit  this  steam  to 
the  cylinder  during  a  portion  of  the  stroke,  and  cut  it  off  at 
such  a  point  that  it  will  expand  down  to  50  pounds  absolute 
pressure  by  the  time  the  piston  has  reached  the  end  of  its 
stroke  and  the  exhaust-valve  opens.  The  temperature  of 
steam  at  50  pounds  absolute  pressure  is  281°  F.,  and  the 
cylinder  itself,  or  its  inside  walls,  is  at  about  the  same 
temperature.  Now,  the  exhaust-valve  opens  and  most  of 
the  steam  rushes  out,  leaving,  say,  3  pounds  back-pressure 
above  the  atmosphere  due  to  the  resistance  offered  by  the 
valve  opening  and  port.  This  3  pounds  is  equal  to  18 
pounds  absolute  pressure,  the  temperature  being  222°  F. 
The  temperature  of  the  cylinder  walls  would,  therefore, 
drop  again,  and  would  approach  this  temperature,  222°  F. 
There  would  not  be  time  enough  for  it  to  come  clear  down 
before  steam  is  admitted  on  the  other  side  of  the  piston  for 
the  return  stroke,  but  we  may  use  this  illustration  for  our 
present  purpose.    . 


12       HOISTING  AND  HOISTING  APPLIANCES.    §  23 

We  have  now  the  range  of  temperature  before  spoken  of; 
that  is,  from  338°  to  222°,  or  116°,  and  it  will  be  readily  seen 
that  this  represents  the  possible  fall  of  temperature  of  the 
cylinder  during  a  stroke.  But,  now,  more  steam  is  admitted 
to  the  cylinder  on  the  other  side  of  the  piston,  and  this  is 
of  the  highest  temperature;  that  is,  338°.  The  result  is 
that  some  of  it  is  condensed  by  coming  in  contact  with  the 
cylinder  walls,  which  have  cooled  down,  as  we  have  shown. 
This  is  called  initial  condensation  ;  it  is  a  loss'  of  power,  and 
is,  therefore,  very  objectionable. 

2467.  Let  us  now  take  the  same  conditions,  but  run 
our  engine  as  a  condensing  engine,  and  see  what  the  result 
will  be.  The  steam  enters  the  cylinder,  as  before,  at  a  tem- 
perature of  338°.  It  is  cut  off  somewhat  earlier,  if  we'' wish 
to  obtain  the  same  power  from  the  engine,  and  expands  to 
the  end  of  the  stroke.  Here  the  exhaust-valve  opens,  not  to 
the  atmosphere,  but  to  the  condenser,  and  the  steam  rushes 
out  and  is  condensed,  forming  a  partial  vacuum.  This 
vacuum  may  be  equal  to  26  inches  of  mercury,  which  is 
equivalent  to  2  pounds  absolute  back-pressure,  whereas 
before  we  had  18  pounds.  The  temperature  of  2  pounds  abso- 
lute pressure  is  126°  F.,  and  our  range  of  temperature  be- 
comes 338°  -  126°  =  212°,  as  compared  with  the  116°  of  the 
first  case.  We  should,  therefore,  have  greater  condensation 
of  the  steam  when  it  is  admitted  for  the  next  stroke.  To 
prevent  this,  then,  cross-compound  engines  are  used.  The 
steam  is  expanded  partly  in- one  cylinder,  then  transferred 
to  the  other,  where  it  is  expanded  further,  and  is  exhausted 
to  the  condenser.  This  obviates  the  necessity  of  admitting 
steam  at  a  temperature  of  338°  F.  into  a  cylinder  which  has 
just  contained  steam  at  a  temperature  of  120°  F. 

We  assume,  therefore,  that  our  condensing  engine  is  to  be 
a  cross-compound  engine,  and,  as  we  have  said,  the  hoisting- 
service  requires  two  things  of  it:  First,  that  it  shall  take 
live  steam  into  the  low-pressure  cylinder  when  necessary, 
and,  second,  that  its  condenser  and  air-pump  be  of  the  inde- 
pendent type. 
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)2468.  A  hoisting-engine  which  is  to  be  condensing  must 
take  live  steam  into  its  low-pressure  cylinder  for  the  follow- 
ing reason:  In  the  regular  running  of  a  cross-compound 
condensing  engine,  the  steam  is  admitted  from  the  boiler 
into  the  first  or  high-pressure  cylinder.  Here  it  is  allowed 
to  expand  a  certain  amount,  after  which  it  is  exhausted  into 
a  receiver.  From  the  receiver  it  is  admitted  to  the  low- 
pressure  cylinder,  where  it  expands  still  further,  and  from 
there  it  is  exhausted  into  the  condenser.  In  other  words, 
the  low-pressure  cylinder  is  fed  from  the  high-pressure  cyl- 
inder. Now,  hoisting  is  not  regular  running;  starting  and 
stopping  make  up  a  large  part  of  it.  As  has  been  pointed 
out,  an  engine  capable  of  starting  under  load  at  any  point 
must  have  no  dead-center,  but  must  have  two  cylinders, 
either  of  which  is  able  to  pick  up  the  load  when  the  other 
is  on  its  center.  But  we  have  just  seen  that  the  low-pressure 
cylinder  of  a  compound  condensing  engine  is  fed  from  the 
high-pressure  cylinder;  so,  if  the  engine  has  been  standing 
and  no  steam  has  been  in  the  high-pressure  cylinder,  there 
will  be  none  for  the  low-pressure,  unless  other  provision  be 
made  for  it.  Also,  the  low-pressure  cylinder  may  be  the 
one  required  to  pick  up  the  load  in  starting.  Therefore,  to 
give  it  power  at  such  a  time,  live  steam  is  admitted  to  it  in- 
dependently of  the  high-pressure  cylinder.  This  is  simply 
done  by  having  an  auxiliary  steam-pipe  and  throttle-valve 
leading  directly  to  it,  and  arranged  so  that  the  engineer  can 
open  and  shut  it  at  pleasure.  The  steam  used  is  generally 
reduced  in  pressure  from  that  carried  in  the  boiler  by  a 
regulator  y  because  the  high -pressure  steam  would  give  too 
much  power,  the  low-pressure  cylinder  being  of  large  diame- 
ter, so  that  it  can  do  its  part  of  the  work  with  the  partially 
expanded  steam  from  the  high-pressure  cylinder. 

2469«  A  hoisting-engine  to  run  condensing  should  also 
have  an  independent  air-pump  and  condenser.  The  air-pump 
of  an  ordinary  condensing  engine  is  operated  by  the  engine 
itself  and  is  practically  part  of  it.  If  this  plan  is  adopted 
in  the  case  of  a  hoisting-engine,  when  the  engine  stops  at 
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the  end  of  a  hoist  the  air-pump  will  stop,  and  the  vacuum 
which  it  keeps  up  will  be  lost  while  the  engine  is  standing. 
That  is  to  say,  atmospheric  pressure  will  find  its  way  into 
the  condenser  and  act  as  a  back-pressure  against  the  low- 
pressure  piston,  amounting  to  about  15  lb.  per  square  inch. 
This  will,  in  most  cases,  render  the  low-pressure  piston  un- 
able to  pick  up  the  load  at  the  beginning  of  the  next  hoist. 
Independent  condensers  and  air-pumps  can  be  bought  ready- 
made  to  suit  any  engine.  They  are  simply  special  steam- 
driven  pumps. 

8IZ£  OF  ENGINE. 

2470.  By  the  size  of  an  engine  is  mqant  the  diameter 
of  its  cylinder  (or  cylinders)  and  the  length  of  its  stroke. 
We  should  be  able  to  say  what  these  dimensions  should  be 
for  a  given  case.  They,  of  course,  depend  upon  the  work 
to  be  done,  and  this  work  consists,  in  the  case  of  a  hoisting- 
engine,  of  three  things;  namely,  lifting  the  load,  accelera- 
ting the  moving  parts,  and  overcoming  the  friction.  How 
accurately  these  three  items  should  be  considered  depends 
upon  the  circumstances  of  each  case,  but  it  is  not  generally 
advisable  to  figure  too  close.  In  fact,  it  is  always  advisable 
to  have  an  excess  of  power  in  the  engine.  A  little  extra 
power  costs  very  little  if  put  into  the  engine  while  building, 
but  it  may  be  very  difficult  and  costly  to  obtain  it  at  some 
later  day.  Furthermore,  the  conditions  arc  so  variable  that 
no  rule  can  be  laid  down  that  will  be  applicable  in  all  cases. 
It  is,  therefore,  thought  advisable  to  show  the  student  how 
to  work  out  a  calculation  approximately  and  to  illustrate  it 
with  examples. 

2471.  Suppose  that  we  wish  to  build  a  winding-engine 
for  a  shaft  or  vertical  hoistway,  the  depth  of  which  is  1,600 
ft.  The  weight  of  material  to  be  hoisted  at  each  trip  is 
4,000  lb. ;  the  weight  of  the  mine-car  to  be  used  is  2,000  lb. ; 
the  weight  of  the  cage  is  3,000  lb.  The  shaft  is  to  be  dou- 
ble, with  two  cages  balancing  each  other,  and  a  tail  or  bal- 
ance rope  is  to  be  used.     The  engine  is  to  be  of  the  duplex 
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type,  direct-acting,  and  the  mean  effective  pressure  is  to  be 
45  lb.  per  square  inch. 

The  load  on  the  rope  is  as  follows : 

Weight  of  material 4,000  lb. 

Weight  of  mine-car 2,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope,  say . . , 4,000  lb. 

Total '..13,000  1b. 

The  weight  of  the  rope  here  used  is  assumed  in  order  to 
get  at  the  probable  total  weight  on  it.  We  will  use  a  plow- 
steel  wire  rope,  and  a  factor  of  safety  of  10.  The  breaking 
strength  of  the  rope  should  then  be  13,000  lb.  X  10,  or 
130,000  lb.  By  referring  to  Table  4G,  we  find  that  a  plow- 
steel  wire  rope  having  19  wires  to  the  strand,  with  a  breaking 
strength  of  130,000  lb.,  or  C5  tons,  slightly  exceeds  1^  in. 
diameter ;  but,  as  we  have  used  a  large  factor  of  safety,  the 
1^-in.  rope,  with  a  breaking  strength  of  60  tons,  will  be 
strong  enough.  This  rope  weighs  2  lb.  per  foot  of  length, 
or  2  lb,  X  1,500  =  3,000  lb.  Revising  our  figures  above  by 
using  this  corrected  weight  of  rope,  we  have 

Weight  of  material 4,000  lb. 

Weight  of  mine-car 2,000  lb. 

Weight  of  cage  '. 3,000  lb. 

Weight  of  rope 3,000  lb. 

Total 12,000  1b. 

The  total  load  on  the  rope  is,  therefore,  actually  6  tons, 
which,  divided  into  60  tons,  the  breaking  strength  of  the 
rope,  gives  us  a  factor  of  safety  of  10,  as  first  assumed. 

The  diameter  of  the  drum  on  which  a  rope  containing  19 
wires  to  the  strand  is  to  be  wound  should  not  be  less  than  GO 
times  the  diameter  of  the  rope.  Therefore,  the  minimum 
size  of  drum  to  be  used  with  a  1^-in.  plow-steel  rope  is  5|  ft. 
in  diameter.  Suppose,  however,  that  we  are  not  limited  as  to 
space ;  we  will  use  a  drum  8  ft.  in  diameter,  because  it  is  easier 
on  the  rope,  and  for  a  given  hoist  a  larger  drum  need  not  be 
so  long;  consequently,  the  engines  will  not  have  to  bespread 
SQ  far  apart,  and  the  fleeting  of  the  rope  will  not  be  so  great. 
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We  are  now  ready  to  calculate  the  work  to  be  done.  From 
the  conditions  laid  down  in  the  beginning,  we  note  that  the 
weight  of  the  rope  is  balanced  by  the  use  of  a  tail-rope;  that 
the  two  cages  and  the  two  cars  balance  each  other,  and  that 
we  have  only  the  weight  of  the  material,  4,000  pounds,  as  a 
net  load,  or,  in  other  words,  an  unbalanced  load. 

To  this  we  will  add,  for  accelerating  the  moving  parts  and 
overcoming  the  friction,  lOj^  of  the  gross  load  to  get  the 
actual  load.  By  the  gross  load  we  mean  all  of  the  moving 
parts;  that  is: 

.  1  lot  of  material 4,000  lb. 

2  mine-cars 4,000  llx 

.     2  cages 6,000  lb. 

2  ropes 6,000  lb. 

Total 20,000  1b. 

2472.  We  take  the  gross  load  for  this  purpose,  because 
it  i^more  nearly  proportional  to  the  friction  and  the  inertia 
than  the  net  load  is.  For  instance,  suppose  in  one  case,  which 
we  will  call  Case  A,  we  hav^  conditions  as  laid  down  in  our 
example ;  that  is,  a  double  shaft  with  two  cages  and  two  cars 
balancing  each  other,  and  hoisting  4,000  lb.  of  material  at  a 
hoist,  with  a  tail-rope  to  balance  the  main  rope.  The  gross 
load  would  be  20,000  lb.  as  above,  and  the  net  load  would  be 
4,000  lb.  Then,  suppose  in  another  case,  which  we  will  call 
Case  B,  we  have  the  same  conditions,  except  that  no  tail- 
rope  is  to  be  used.     The  gross  load  for  this  case  would  be : 

1  lot  of  material 4,000  lb. 

2  mine-cars 4,000  lb. 

2  cages 6,000  lb. 

1  rope 3,000  lb. 

Total 17,000  1b. 

And  the  net  load  would  be: 

1  lot  of  material 4,000  lb. 

1  rope 3,000  1b..,. 

Total 7,000  lb. 
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Now,  It  is  quite  evident  that  there  will  be  less  friction  and 
inertia  to  overcome  in  Case  B  than  in  Case  A,  because  the 
mass  to  be  handled  is  less  by  the  amount  of  one  rope.  We 
have  just  seen  that  the  gross  load  of  Case  B  is  less  than  that 
of  Case  A  by  this  same  amount ;  therefore,  the  gross  load, 
the  friction,  and  the  inertia  are  proportional.  The  net  load 
of  Case  B,  on  the  other  hand,  is  greater  than  that  of  Case  A, 
so  it  is  not  proportional  to  the  friction  and  inertia. 

Let  us  suppose  still  another  case,  which  we  will  call 
Case  C,  in  which  we  have  the  same  weight  of  rope,  cage, 
car,  and  material  to  be  hoisted,  but  at  a  single  shaft,  where 
there  is  room  for  only  one  cage  and  car.  We  will  not  have, 
in  this  case,  any  balancing  of  the  cage,  car,  or  rope,  and  our 
gross  load  becomes : 

1  lot  of  material .    4,000  lb. 

1  mine-car 2,000  lb. 

1  cage 3,000  lb. 

1  rope 3,000  lb. 

Total 12,000  lb. 

And  our  net  load  is  the  same.  The  mass  to  be  handled 
in  this  case  is  less  than  that  in  Case  A  by  the  amount  of 
one  rope,  one  cage,  and  one  car;  that  is,  the  two  amounts 
are  to  each  other  as  20  is  to  12,  and  it  will  be  seen,  on  reflection, 
that  the  friction  and  inertia  must  also  be  to  each  other  as 
20  is  to  12,  for  Cases  A  and  C.  Now  the  net  load  in  Case  C 
is  12,000  pounds,  or  three  times  as  much  as  that  in  Case  A, 
so  that  if  we  proportioned  our  work  .for  overcoming  the 
friction  and  accelerating  the  moving  parts  according  to  the 
net  load,  we  would  have  three  times  as  much  for  Case  C  as 
for  Case  A,  while  the  mass  to  be  moved  is  only  twelve- 
twentieths  as  much. 

!2473«  This  method  of  calculating  the  work  necessary  to 
overcome  the  friction  and  to  accelerate  the  moving  parts  is, 
in  most  cases,  entirely  satisfactory,  although  sometimes  a 
larger  percentage  is  used  if  the  work  is  to  be  of  a  rough 
character,    giving    greater    friction,   or   if  great   speed   of 
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hoisting  is  to  be  required,  thereby  calling  for  a  greater 
accelerating  force.  The  amount  of  friction  is  at  best  a 
matter  of  judgment  and  not  of  calculation. 

To  calculate  the  work  of  acceleration,  so  much  must  be 
assumed  that  it  is  generally  as  satisfactory  to  assume  the 
work  directly.  Furthermore,  as  we  have  seen,  it  is  neces- 
sary to  figure  on  one  cylinder  to  do  the  total  work,  because 
the  second  one  is  at  times  powerless,  and  this  gives  us  some 
extra  power  when  both  cylinders  are  acting. 

As  has  been  said,  10^  of  the  gross  load  will  be  added  to 
the  net  load  to  cover  the  work  of  overcoming  the  friction 
and  accelerating  the  moving  parts. 

Rule. —  To  find  the  actual  load  on  the  engines^  add  to  t/u 
net  load  lO'ji  of  the  gross  load. 

The  actual  load  for  the  original  case  will  then  be  4,000 
pounds  plus  10^  of  20,000  pounds;  that  is,  0,000  pounds. 

2474.  The  diameter  of  the  drum  is  8  feet,  and  to  this 
must  be  added  the  diameter  of  the  rope,  \\  inches,  to  give 
the  working  diameter,  which  is,  therefore,  8.004  feet,  nearly. 

The  working  circumference  is,  then,  8.094x3.1416  = 
25.43  ft.,  nearly.  For  every  revolution  of  the  drum,  we 
require  25.43x0,000=152,580  ft. -lb.  of  work  from  the 
engine. 

Rule. —  To  fiyid  the  work  required  of  the  engines  per  revo- 
lution  of  the  drum,  multiply  the  actual  load  in  pounds  by  the 
working  circumference  of  the  drum  iii  feet. 

2475.  The  original  proposition  calls  for  a  duplex  direct- 
acting  engine.  This  makes  the  revolutions  of  the  engine 
and  drum  equal.  Furthermore,  we  must  count  on  only  one 
engine  to  do  the  work. 

The  work  performed  in  the  cylinder  of  an  engine  per  revo- 
lution may  be  calculated  as  in  Art.  2067,  Steam-Engines. 
The  force  is  the  mean  effective  pressure /^multiplied  by  the 
area  A  of  cylinder  in  square  inches.     The  distance  moved 

by  the  piston  per  revolution  is  2  L  inches,  or  ^  feet,  where 
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L  denotes  the  length  of  stroke  in  inches.  Using  the  sym- 
bols of  the  article  just  referred  to  and  letting  iv  represent 
the  work  per  revolution,  we  have 

"IPLA      PLA 


w  = 


VI  6 


For  the  present  purpose,  the  formula  must  be  modified, 
because  we  do  not  wish  to  calculate  the  work  that  an  engine 
can  do,  but  wish  to  calculate  the  size  of  an  engine  that  can 
do  the  work  required  at  the  drum.  The  formula  may  be 
changed  to  read  thus: 

That  is,  the  area  of  the  piston  multiplied  by  the  s*roke  in 
inches  is  equal  to  six  times  the  work  divided  by  the  mean  effect- 
ive pressure.  The  area  of  the  piston  is  equal  to  .7854:  times 
the  square  of  the  diameter,  or  A  =  .  7854  D*  where  D  is  the 
diameter.  Let  the  stroke  be  r  times  the  diameter;  that  is, 
L  =  r  D.  If  we  now  put  these  values  of  A  and  L  in  the 
formula,  it  becomes 

.7854/)' X  rD=^''^ 
or  .7854rZ>^  = 


P' 

(Sw 


P' 
This  formula  can  be  changed  so  as  to  read 


D  =  \.<dlV^.  (211.) 


Pr 

Example. — ^What  should  be  the  size  of  the  cylinders  of  a  hoisting- 
engine  which  is  to  perform  152,580  ft. -lb.  of  work  per  revolution,  if 
the  mean  effective  pressure  is  46  pounds  per  square  inch  and  the  stroke 
of  the  piston  is  twice  its  diameter  ? 

Solution. — In  this  case  r  =  2,  since,  if  the  stroke  is  twice  the 

diameter,  r  =  —j-  =  2. 

a 

Applying  formula  21 1, 

Z>  =  1.97  /^  =  1.97  i/pf  =  23.5  in. 
r    Pr  f     45x2 

The  engine  should,  therefore,  be  a  duplex  engine  with  cylinders 
23^  in.  in  diameter  and  2'6^  X  2  =  47  in.  stroke.     Ans. 
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An  engine  of  this  size  will  do  the  hoisting  at  a  vertical 
shaft  1,500  ft.  deep,  where  the  weight  of  material  to  be 
hoisted  at  a  trip  is  4,000  lb. ;  the  weight  of  the  mine-car  to 
be  used  is  2,000  lb.,  and  the  weight  of  the  cage  is  3,000  lb. ; 
two  cages  and  a  tail-rope  being  used,  and  the  mean  effective 
pressure  being  45  lb.  per  sq.  in. 

2476.  Before  applying  the  formula  to  another  example, 
the  correctness  of  the  above  cylinder  sizes  may  be  tested  in 
the  following  manner:  Under  the  head  of  Duplex  Engines, 
it  was  seen  that  when  one  piston  is  at  the  end  of  its  stroke, 
and  its  crank  is,  therefore,  on  a  dead-center,  the  other 
piston  may  be  called  upon  to  lift  the  maximum  load.  In 
such  a  case,  this  other  piston  is  at  about  mid-stroke  and  its 
crank  is  at  right  angles  to  the  connecting-rod,  or  in  its  most 
effective  position.  Now,  the  ability  of  an  engine  to  rotate 
a  drum  is  measured  by  the  turning  moment  that  it  can 
exert,  and  the  engine  in  the  above  position  can  exert  a 
turning  moment  as  follows: 

The  area  of  the  piston  is  23.5*  X  .7854  =  433.7  sq.  in., 
which,  multiplied  by  the  mean  effective  pressure,  45  lb.  per 
sq.  in.,  gives  19,51G.5  lb.  as  the  total  pressure  exerted  by 
the  piston.  This  pressure  is  transmitted  through  the  con- 
necting-rod to  the  crank-pin,  and  acts  on  the  latter  at  right 
angles  to  the  crank.  The  length  of  the  crank  is  half  the 
length  of  the  stroke,  that  is,  23J-  inches,  and  this,  multiplied 
by  the  acting  pressure  given  above,  is  the  turning  moment 
in  inch-pounds  that  the  engine  will  exert  when  at  one  of  its 
dead-centers.     This  turning  moment  is,  therefore, 

10,516.5  X  23^  =  458,038  in. -lb. 

The  resistance  that  this  turning  moment  must  overcome 
is  the  opposing  turning  moment  due  to  the  actual  load  on 
the  drum.  In  the  foregoing  example  this  actual  load  is 
6,000  lb.  The  working  diameter  of  the  drum  is  8.09  ft., 
nearly;  its  radius  is  4.05  ft.,  nearly,  or  48.6  in.,  and  the 
resulting  turning  moment  is  48.6  in.  x  6,000  lb.  =  291,600 
in. -lb. 

It  will  be  seen  that  this  moment  is  considerably  smaller 
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than  that  which  the  engine  exerts,  so  the  cylinder  is  of 
ample  size  to  start  the  load. 

247 ?•  Consider  now  another  example,  similar  to  the 
foregoing,  but  differing  from  it  in  some  of  its  conditions. 
Suppose,  for  instance,  that  the  only  difference  in  the  two 
cases  is  that  a  tail-rope  can  not  be  used  in  the  present  case. 
The  load  on  the  rope  will  be  the  same  as  before,  and  we  will, 
therefore,  use  a  l^-in.  plow-steel  rope,  which  gives  us  a 
factor  of  safety  of  10.  Of  course,  the  load  on  the  rope  will 
not  be  uniform,  and  it  is  the  maximum  load  that  has  been 
taken;  but,  then,  it  is  the  maximum  load  that  must  be 
counted  on.  Naturally,  also,  the  same  diameter  of  drum 
will  be  used,   namely,  8  feet. 

Now,  the  conditions  are  that  the  shaft  is  double,  and  con- 
sequently, as  before,  the  two  cages  and  the  two  cars  balance 
each  other ;  but  the  net  load  is  the  weight  of  the  material, 
4,000  lb.,  and  that  of  the  rope,  3,000  lb.,  or  a  total  of  7,000 
lb.  To  this  is  added,  as  before,  for  accelerating  the  moving 
parts  and  overcoming  the  friction,  lOj^  of  the  gross  load, 
which  is  in  this  case 

1  lot  of  material 4,000  lb. 

2  mine-cars 4,000  lb. 

2  cages 6,000  lb. 

1  rope ; 3,000  lb. 

Total 17,000  1b. 

Ten  percent,  of  this  is  1,700  lb.,  and  the  actual  load  to  be 
calculated  for  is  7,000  lb.  +  1,700  lb.,  or  8,700  lb. 

The  working  circumference  of  the  drum  is,  as  before, 
25.43  ft.,  and  for  every  revolution  is  required  8,700  X  25.43= 
221,241  ft. -lb.  of  work  from  one  engine.  We  will  use  the 
same  style  of  engine,  that  is,  a  duplex  engine  and  direct- 
acting;  so  this  is  the  amount  of  power  that  is  necessary 
per  revolution  of  one  engine.  Then,  if  the  same  propor- 
tion of  cylinders  is  adopted,  formula  211  gives 

■/ooi  04.1 

D  =  1.97  r^T^^^  =  26.59  in.,  say  26^  in. 
^    45  X  2  '      ^       * 

Stroke  =  26.5  X  2  =  53  in. 
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That  is  to  say,  the  engine  should  have  cylinders  26^ 
inches  in  diameter,  with  a  53-inch  stroke. 

It  will  be  observed  that  this  engine  is  considerably  larger 
than  the  first  ones,  yet  it  does  only  the  same  amount  of 
useful  work.  It  hoists  the  same  weight  of  material,  4,000  lb. 
at  each  hoist,  but  it  also  lifts  the  entire  weight  of  the  rope 
at  starting  when  the  loaded  car  is  at  the  bottom  of  the  shaft. 
The  work  of  lifting  the  rope  is  so  much  energy  thrown 
away.  This  loss  is  offset  in  some  degree  by  the  wear  and 
tear  of  a  tail-rope. 

2478.  Let  us  carry  this  subject  one  step  further  and 
see  what  size  of  engine  we  would  require  if  it  were  neces- 
sary to  heist  the  same  material  from  a  single  shaft,  that  is, 
the  same  amount  at  one  hoist.  The  load  on  the  rope  would 
be  the  same  as  it  was  in  the  first  case: 

Weight  of  material 4,000  lb. 

Weight  of  mine-car 2,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope 3,000  lb. 

Total 12,000  lb. 

We  shall,  therefore,  use  the  c:i:r.c  rope,  a  IJ-inch  plow- 
steel  rope,  and  the  same  drum,  8  ft.  in  diameter.  As  the 
shaft  is  single,  there  is  only  one  cage  and  one  car,  so  these 
are  not  balanced,  and  the  net  load  becomes  the  same  as  the 
above  load  on  the  rope,  that  is,  the  same  as  the  gross  load, 
12,000  lb.  Increasing  this  by  10;^  to  cover  the  work  of 
acceleration  and  overcoming  the  friction,  we  have  13,200  lb. 
for  the  actual  load.  Multiplying  this  by  25.43  feet,  the 
working  circumference  of  the  drum,  gives  335,076  ft. -lb.  of 
work  to  be  done  per  revolution. 

Using  formula  211, 

B=1.97  r  ^^!v  =  ''^0.55  in.,  say  30|  in. 
^     45  X  2  y      J       2 

Stroke  =  30.5  X  2  =  61  in. 

In  other  words,  the  engine  must  have  cylinders  30^  inches 
in  diameter,  with  61-inch  stroke. 
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A  study  of  the  preceding  examples  is  instructive.  An 
engine  with  30i-inch  by  61-inch  cylinders  hoists  only  the 
same  weight  of  material  as  the  first  engine  did,  with  23^- 
inch  by  47-inch  cylinders.  Furthermore,  it  can  make  only 
half  as  many  hoists  in  a  given  time  as  the  first  engine  can, 
because  it  loses  all  the  time  during  which  it  is  sending  the 
cage  down  for  another  load,  whereas  in  the  first  and  second 
cases  a  hoist  is  made  during  that  time.  In  this  third  case, 
the  work  necessary  to  lift  the  rope,  cage,  and  car  is  all  use- 
less work,  and  is  so  much  thrown  away.  These  are  cer- 
tainly great  disadvantages,  but  there  are  some  advantages 
belonging  to  this  last  system.  There  is  only  one  drum,  one 
rope,  and  one  cage  to  supply  and  keep  in  repair,  and  the 
cost  of  sinking  a  single  shaft  is,  of  course,  much  less  than 
that  of  sinking  a  double  shaft. 

In  many  mining  operations  there  is  great  uncertainty  as 
to  the  permanency  of  the  mine,  because  so  little  is  known 
about  the  hidden  treasures  that  are  sought.  In  such  a 
case,  it  is  often  advisable  to  sink  the  smaller  shaft  and 
endure  the  extravagance  of  hoisting  without  a  balance. 

2479.  Suppose  that,  instead  of  being  direct-acting,  the 
engine  is  on  the  second  motion.  It  is  evident  that  the  size 
of  the  cylinders  can  be  reduced,  although  the  horsepower 
will  remain  the  same,  owing  to  the  increase  in  the  number  of 
revolutions.  Thus,  if  the  ratio  of  the  gear  to  the  pinion  is 
3:1,  that  is,  if  it  takes  three  revolutions  of  the  pinion  to 
turn  the  drum  once,  the  engine  will  make  6  strokes  per 
revolution  of  the  drum  instead  of  2,  as  in  the  previous  cases. 

If  we  represent  by  r,  the  ratio  of  the  gear  to  the  pinion, 
in  other  wor(is,  if  the  diameter  of  the  gear  is  r^  times  that 
of  the  pinion,  formula  211  may  be  altered  slightly  to 
apply  to  second-motion  engines.     It  then  becomes 


n=1.97V^^—^  (212.) 


Prr: 


1 


Formula  212  may  be  expressed  in  words  as  follows: 
TAe  diameter  of  the  cylinder  of  a  second-motioji  engine  is 
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equal  to  1. 07  times  the  eube  root  of  the  quotient  obtained  by 
dividing  the  work  in  foot-pounds  per  revolution  of  drum  by 
the  continued  product  of  the  M.  E,  P.  in  pounds  per  square 
inch^  the  ratio  of  the  stroke  to  the  diameter ^  and  the  ratio  of 
the  gear  to  the  pinion. 

Example. — Suppose  that  the  work  to  be  dome  per  revolution  of 
drum  is  152,580  ft. -lb.,  that  the  stroke  is  If  times  the  diameter,  and 
that  the  gear  has  3^  times  as  many  teeth  as  the  pinion ;  what  should 
be  the  size  of  the  cylinders,  the  M.  E.  P.  being  45  lb.  per  sq.  in.  ? 

Solution. — In  this  case  r  =  If  =  1.75,  and  ri  =  8^  =  3.5. 
Applying  formula  212, 


Z>  :=  1.97  i/— II5!^2__  =  16. 18  in. ,  say  16  in.     Ans. 
r    45  X  1.75  X  3.5  ^ 

Then,  /.  =  16  X  U  =  28  in.     Ans. 

2480.     Steam  and  Compresaed-AIr  Enflrlnes. — So 

far,  nothing  has  been  said  about  the  kind  of  power  utilized 
by  the  engine.  It  may  be  either  steam  or  compressed  air. 
In  most  cases,  where  the  engine  is  located  on  the  surface, 
steam  is  preferable,  because  it  can  be  obtained  directly  from 
the  boiler  without  the  intervention  of  an  air-compressor  and 
the  consequent  loss  of  total  efficiency;  but  this  is  not  al- 
ways so.  Consider  the  case  of  a  mining  plant  which  has 
compressors  for  supplying  air  for  rock-drills,  and  where  it 
becomes  necessary  to  sink  a  shaft  at  a  distance  from  the 
main  works,  and  at  a  point  where  it  would  be  very  difficult 
to  take  fuel  and  water.  Steam  carried  a  long  distance  in 
pipes  loses  much  by  condensation ;  and,  furthermore,  com- 
pressed air  must  be  carried  to  the  new  shaft  for  the  rock- 
drills.  It  is  quite  evident,  under  such  circumstances,  that 
the  engine  should  be  supplied  with  compressed  air  instead 
of  steam. 

Again,  it  is  often  necessary  to  have  a  shaft  or  slope  entire- 
ly underground;  that  is,  to  have  the  hoisting-engine  and 
drum  placed  there,  too.  In  such  a  location,  steam  would  al- 
most always  be  barred  out  on  account  of  the  heat  and 
moisture  that  would  be  liberated  with  the  exhaust.  On  the 
other  hand,  the  exhausted  air  from  an  engine  driven  by  com- 
pressed air  would  be  cool  and  dry,  and  would  supply  fresh 
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air  to  the  miners.  Hoisting-engines  may  then  be  driven  by 
steam  or  compressed  air,  and  it  would  be  well  to  know  which 
is  to  be  used  when  deciding  upon  the  engine. 

2481.  Throttle-Valvca.— The  throttle- valve  of  a 
hoisting-engine,  whether  the  engine  is  designed  to  be  run 
by  steam  or  compressed  air,  should  be  balanced,  so  that  it 
can  be  easily  opened  or  shut  by  hand ;  and  it  should  be  of  the 
lever  type,  so  that  it  can  be  opened  or  shut  quickly.  There 
should  also  be  a  supplementary  valve  close  to  the  throttle 
and  easy  of  access,  which  can  be  shut  in  case  of  any  trouble 
with  the  throttle.  This  may  be  of  the  screw  type,  should 
be  absolutely  tight,  and  should  be  closed  whenever  the  en- 
gines are  to  stand  for  a  considerable  length  of  time. 

2482o  Cylinder  Relief -Valves. — In  any  steam- 
engine  some  of  the  steam  that  is  admitted  to  the  cylinder  to 
do  the  work  is  condensed,  partly  by  the  absorption  of  its 
heat  by  the  cylinder  walls,  and  partly  by  the  conversion  of 
its  heat  into  work.  This  produces  water,  which  must  al- 
ways be  takea  care  of .  Let  us  for  a  moment  follow  out  the 
operation  of  an  engine.  The  piston  is  at  one  end  of  the 
cylinder.  Steam  is  admitted  behind  it,  and  forces  it  along 
the  cylinder  to  the  other  end,  condensing  somewhat  during 
that  time,  and  leaving  the  cylinder  full  of  steam  (at  a  lower 
pressure)  and  water.  The  return  stroke  now  takes  place, 
and  this  steam  is  let  out  through  the  exhaust-valve,  while 
the  water  is  pushed  along  the  bottom  of  the  cylinder,  grad- 
ually increasing  in  depth  as  its  area  is  decreased,  until  it 
reaches  such  a  height  that  it  can  also  get  out  through  the 
exhaust-valve.  It  can  not  get  out  quickly  enough,  however, 
and  towards  the  end  of  the  stroke  the  exhaust- valve  is  closed, 
thus  shutting  in  the  water  that  is  left.  Now,  if  this  amount 
is  more  than  enough  to  fill  the  clearance  space,  that  is,  the 
space  between  the  piston  at  the  end  of  its  stroke  and  the 
valve,  trouble  will  follow,  because  the  piston  must  go  on  to 
the  end  of  its  stroke,  being  controlled  by  the  revolution  of 
the  crank  and  the  inertia  of  all  the  moving  parts  of  the 
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engine.  As  v/ater  is  non-compressible,  the  result  in  such  a 
case  would  probably  be  the  blowing  out  of  the  cylinder  head. 
Now,  with  a  hoisting-engine,  where  the  running  is  inter- 
mittent, the  cylinders  have  time  to  cool  down  considerably 
during  the  stoppages,  and  there  is,  consequently,  much  con- 
densation at  the  beginning  of  each  hoist.  To  take  care  of 
this  water  of  condensation,  therefore,  all  hoisting-engines 
should  be  provided  with  some  sort  of  relief- valves.  On 
small  engines  it  has  been  found  sufficient  to  have  drip-cocks 
at  the  bottom  of  each  end  of  each  cylinder,  so  arranged 
that  they  can  be  opened  and  closed  readily  by  the  engineer; 
but  with  larger  engines  it  has  often  been  found  necessary  to 
have  valves  of  larger  area  held  shut  by  a  spring,  and  ar- 
ranged to  be  opened  automatically  by  any  excessive  pressure 
in  the  cylinder. 

2483.  A  very  excellent  device  for  this  purpose  is  a 
combined  relief -valve  ^  such  as  is  shown  in  Fig.  892,  or  some 
modification  of  it.     The  idea  here  is  to  have  a  small  valve  A 


w^Mm 


Fio.  802. 

opening  in  towards  the  cylinder  and  held  open  by  a  spring,  so 
that  any  water  that  is  in  the  cylinder  at  the  end  of  the  hoist, 
or  that  would  accumulate  in  the  cylinder  from  leaky  valves 
during  a  stoppage,  can  drain  away.  When  the  steam  is 
admitted  to  the  cylinder  to  make  a  hoist,  it  shuts  this  valve 
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and  holds  it  shut  by  its  pressure.  Now,  it  will  be  noticed 
that  this  valve  seats  on  another  valve  B^  which  opens  out 
from  the  cylinder,  but  which  is  held  shut  by  a  heavy  spring 
against  any  ordinary  pressure  in  the  cylinder.  In  case  of 
any  excessive  pressure  due  to  water  in  the  cylinder,  or  other 
causes,  this  larger  valve  will  be  forced  open,  and  thus  relieve 
the  pressure. 

DRUMS. 


2484.  Having  considered  the  motors  available  for  a 
hoisting  plant,  the  next  subject  requiring  attention  is  that 
of  the  drums.  These  are  of  four  kinds,  which  will  be  taken 
up  separately.  They  are  as  follows:  Cylindrical  Drums ; 
Conical  Drums ;  Reels;  Rope  Wheels, 


CYLINDRICAL    DRUMS. 

2486*  Cylindrical  drums  probably  form  the  largest 
class  of  drums  in  use.  Fig.  888  shows  a  cylindrical  drum  of 
the  simplest  type.  This  is  a  plain  iron  cylinder  with  a  flange 
at  each  end  to  prevent  the  rope  from  running  off.  It  is 
designed  for  a  hemp  or  manilla  rope  and  for  a  short  hoist. 
Its  diameter  is  too  small  to  allow  an  iron  or  steel  rope  to  be 
wound  upon  it,  and  it  has  not  the  capacity  to  wind  any 
considerable  length  of  rope,  although  in  a  case  like  this  it 
would  be  permissible  to  allow  the  rope  to  wind  upon  itself 
after  once  filling  the  drum.  Fig.  889  shows  a  similar  drum 
of  larger  diameter.  Such  a  drum  is  also  only  applicable  to  a 
short  hoist,  although  it  w^ould  be  large  enough  to  wind  the 
small  sizes  of  iron  and  steel  ropes.  In  Figs.  890  and  891  are 
shown  two  cylindrical  drums,  essentially  alike,  built  for 
larger  and  heavier  service.  These  are  each  of  cast  iron,  and 
each  has  a  spiral  groove  cast  or  turned  in  it  for  the  rope  to 
lie  i:i  as  it  is  wound.  In  such  cases,  and,  in  fact,  whenever 
metal  ropes  are  used,  it  is  not  good  practice  to  allow  the  rope 
to  wind  upon  itself,  because  the  different  coils  wear  upon  each 
other,  although  this  is  sometimes  done.  The  drum  should 
be  built  large  enough  to  take  the  full  length  of  the  rope 
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required  by  the  hoist,  running  over  the  drum  only  once.  For 
example,  suppose  we  are  required  to  make  a  hoist  of  1,000  feet 
and  to  lift  a  load  which  would  require  a  l^-inch  steel  rope. 
The  diameter  of  the  smallest  drum  which  it  would  be  advisable 
to  use  is  1:^  in.  X  00  =  6^^  ft.,  and  the  diameter  at  the  center 
of  the  rope  when  wound  upon  the  drum  is  6  ft.  4J^  in.  The 
corresponding  circumference,  or  the  length  of  one  coil  of  rope, 
is  nearly  20  ft.  To  wind  1,000  ft.  would  require  1,000  -^  20  = 
50  turns  on  the  drum.  To  this  should  be  added  at  least  one 
turn,  say  one  and  a  half  turns,  at  the  end  of  the  rope,  to 
afford  friction,  so  that  all  the  strain  will  not  come  on  the 
fastening ;  and  about  three  turns  should  also  be  added  for 
possible  overwinding.  This  makes  54^  turns  to  be  allowed 
for  on  the  drum.  If  the  drum  is  of  iron  with  grooves 
turned  in  it,  we  must  allow  ^  inch  between  adjacent  parts 
of  the  rope,  or  1^  inches  from  the  center  of  one  turn  to  the 
center  of  the  next  turn.  This  gives  54^  X  1^  inches  =  81} 
inches,  or  6  feet  9|  inches  for  the  length  of  the  drum 
between  the  flanges. 

2486.  The  drums  shown  in  Figs.  890  and  891  are  made 
of  cast  iron,  in  one  piece,  and  are  of  the  design  shown  in 
Fig.  893.     This  makes  a  very  good  drum  for  small  sizes. 

The  smaller  sizes  of  drums,  such  as  have  just  been  con- 
sidered, are  also  often  made  of  wooden  lagging  carried  on 


Fig.  893. 
cast-iron  spiders.     In  this  case  it  is  not  necessary  to  allow 
the  i  inch  clearance  between  the  coils  of  the  rope.     It  can 
wind  against  itself,  and  so  take  up  only  1^  inches.     The  drum 
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would  then  need  to  be  54^  X  H  inches  =  G8^  inches^  or  6  feet 
8|  inches  long.  Such  a  drum  as  this  is  shown  in  Fig.  894. 
It  is  intended  for  a  direct-acting  hoisting-engine,  A  being 
both  the  drum  shaft  and  the  crank-shaft.  B  and  B'  are  the 
journals,  and  C  and  C  are  the  ends  to  which  the  cranks 
are  fastened.  Two  kinds  of  cast-iron  spiders  D  and  D'  are 
shown,  one  with  a  flange  and  one  without.  The  spider  with 
a  flange  is  better  than  the  other,  but  it  costs  more,  and  if  a 
flange  is  not  used,  extra  length  must  be  added  to  insure  that 
the  rope  shall  not  run  off  the  end.  In  very  long  drums  of 
this  style,  it  is  found  necessary  to  add  a  third  spider  midway 
between  the  other  two  to  stiflien  the  drum  against  collapsing. 


Fig.  8M. 

The  lagging  is  bolted  to  the  spiders,  and  the  bolt-heads 
should  be  countersunk  into  it  so  as  to  clear  the  rope  after  it 
has  bedded  itself  into  the  wood. 

2487.  Larger  drums  than  the  foregoing  are  often 
necessary,  in  order  to  wind  larger  ropes  and  greater  lengths 
of  rope.  They  are  found  as  large  as  30  feet  in  diameter 
and  20  feet  long.  Such  drums  are  necessarily  built  up  of 
several  pieces.  There  is  the  hub,  or  sleeve,  to  go  on  the 
shaft,  made  either  in  one  or  two  pieces,  and  with  or  without 
arms.  Then  there  is  the  rim,  made  up  of  four,  six,  or  eight 
segments,  bolted  together  to  form  a  cylinder.  And,  finally, 
there  are  the  arms.  These  are  made  of  cast  iron,  and  de- 
signed to  withstand  compression,  or  of  wrought  iron,  and 
designed  to  withstand  tension.  The  latter  method  makes  a 
lighter  drum,  though  possibly  a  more  expensive  one. 
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CONICAL  DRUMS. 

2488*  The  conical  drum  is  similar  to  the  cylindrical 
drum,  except  in  the  form  of  its  winding  surface,  which  is  in 
the  shape  of  a  frustum  of  a  cone  instead  of  in  the  shape  of 
a  cylinder.  Conical  drums  are  designed  to  take  the  place 
of  cylindrical  drums  when  it  is  necessary  or  advisable  to 
equalize  the  load  on  the  engines  due  to  the  weight  of  the 
rope.  Suppose  we  have  a  single-compartment  vertical 
shaft  800  ft.  deep;  that  we  are  required  to  hoist  5,000  lb.  of 
material  at  a  trip;  that  the  weight  of  the  mine-car  to  be 
used  is  3,000  lb. ;  and  that  the  weight  of  the  cage  is  3,000  lb. 

The  load  on  the  rope  would  then  be: 

Weight  of  material 5,000  lb. 

Weight  of  mine-car 3,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope,  say 3,000  lb. 

Total 14,000  lb. 

Let  us  use  a  cast-steel  rope  having  19  wires  to  a  strand 
and  a  factor  of  safety  of  about  10.  The  breaking  strength 
of  the  rope  should  then  be  about  14,000  lb.  X  10,  or  140,000 
lb.  By  consulting  Table  4G,  it  is  seen  that  a  1  J-inch  rope 
has  a  breaking  strength  of  G3  tons,  or  126,000  lb.,  and  that 
800  ft.  of  it  weighs  2,400  lb.  Using  this  corrected  weight 
to  sum  up  the  load  on  the  rope,  we  have,  instead  of  the 
above. 

Weight  of  material 5,000  lb. 

Weight  of  mine-car 3,000  lb. 

Weight  of  cage 3,000  lb. 

Weight  of  rope 2,400  lb. 

Total 13,400  lb. 

The  brea)  ing  strength  divided  by  this  total  load  gives  9.4 
as  the  factor  of  safety,  which  is  sufficient.  Now,  the  mini- 
mum diameter  of  a  drum  on  which  a  l|-inch  rope,  having 
19  wires  to  the  strand,  should  be  wound  is  GO  times  the 
diameter  of  the  rope,  or  If  in.  X  GO  ^  82^  in.,  or  nearly  7  ft 
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Let  us  then  decide  upon*  a  drum  7  ft.  in  diameter,  and  we 
have  the  necessary  data  to  go  on  with  our  calculation.  At 
the  beginning  of  the  hoist,  when  the  cage  is  at  the  bottom 
and  has  a  loaded  car  on  it,  the  load  is  13,400  pounds,  as 
above.  This  load  is  supported  at  the  circumference  of  the 
drum,  and  if  we  multiply  it  by  the  radius  of  the  drum,  we 
will  have  a  turning  moment  that  must  be  overcome  by  the 
engine  in  order  to  make  the  hoist.  This  turning  moment  is 
13,400  pounds  X  3^  feet,  or  46,900  foot-pounds.  At  the  end 
of  the  hoist  the  load  is  11,000  pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Total 11,000  pounds. 

Multiplying  this  by  the  radius  of  the  drum,  the  turning 
moment  is  11,000  pounds  X  3^  feet,  or  38,500  foot-pounds. 
From  this  it  appears  that  with  a  cylindrical  drum  the  load 
against  the  engine  is  much  greater  at  the  beginning  of  the 
hoist  than  it  is  at  the  end  of  the  hoist. 

2489.  Let  us  now  examine  another  case.  Suppose  we 
have  a  double-compartment  vertical  shaft  of  the  same  depth, 
and  that  we  are  to  hoist  the  same  amount  of  material  at  a 
trip,  in  the  same  mine-car  and  on  the  same  cage ;  but  that 
an  empty  car  and  cage  will  be  lowered  in  one  compartment 
while  the  loaded  car  and  cage  are  hoisted  in  the  other.  The 
two  cars  will  then  balance  each  other,  the  two  cages  will 
balance  each  other,  and  the  loads  will  be  as  follows:  At  the 
beginning  of  the  hoist,  when  the  loaded  car  and  cage  are  at 
the  bottom,  the  gross  load  is  13,400  pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Weight  of  rope 2,400  pounds. 

Total 13,400  pounds. 
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Multiplying  this  by  the  radius  of  the  drum,  the  gross  turning 
moment  is  13,4()()  pounds  X  3^- feet,  or  40, 900  foot-pounds,  as 
before,  but  there  is  a  counterbalancing  load  of  6,000  pounds. 
That  is, 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Total (),0()0  pounds. 

This  means  a  counterbalancing  turning  moment  of  G,000 
pounds  X  3^  feet,  or  21,000  foot-pounds.  The  net  turning 
moment  to  be  overcome  by  the  engine  at  the  beginning  of 
the  hoist  is,  therefore,  40,900  —  21,000  =  25,900  foot-pounds. 

At  the  end  of  the  hoist  there  is  a  gross  head  of  11,000 
pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Total 11,000  pounds. 

This  is  equal  to  a  gross  turning  moment  of  11,000  pounds  X 
3^  feet,  or  38,500  foot-pounds.      We  also  have  a  counter- 
balancing load  of  8,400  pounds. 
That  is. 

Weight  of  mine-car 3,000  pounds. 

Weight  of  cage 3,000  pounds. 

Weight  of  rope 2,400  pounds. 

Total 8,400  pounds. 

This  is  equal  to  a  counterbalancing  turning  moment  of 
8,400  pounds  X  3^  feet,  or  29,400  foot-pounds,  and  leaves  a 
net  turning  moment  against  the  engine  of  38,500  —  29,400  = 
9,100  foot-pounds.  In  other  words,  the  turning  moment 
that  the  engine  has  to  supply  varies  from  25,900  foot- 
pounds at  the  beginning  of  the  hoist  to  9,100  foot-pounds  at 
the  end  of  the  hoist. 

2490.  It  is  to  equalize  the  two  loads  and  to  give  the 
engine  the  same  amount  of  work  to  do  throughout  the  hoist 
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that  we  resort  to  the  conical  drum;  for  it  will  readily  be 
seen  that  the  great  difference  in  the  two  loads  figured  is  due 
to  the  weight  of  the  rope,  and  that  if  the  radius  of  the  drum 


2K        M 


varies  in  the  opposite  direction  to  the  variation  in  the  load 
due  to  the  rope  it  will  eliminate  this  difference.  To  deter- 
mine what  these  radii  of  the  drum  should  be,  we  will  refer 
to  the  accompanying  diagrams,  Pigs.  895  and  896,  which 
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represent  the  proposed  hoist  fitted  with  conical  drums.  In 
Fig.  895  we  have  the  condition  at  the  beginning  of  the 
hoist.  Cage  B  is  at  the  bottom  and  carries  a  loaded  car; 
cage  7" is  at  the  top  and  carries  an  empty  car;  and  we  are 
ready  to  make  the  hoist.  The  turning  moment  which  the 
engine  must  overcome  is  equal  to  the  weight  of  the  material 
to  be  hoisted  plus  the  weight  of  the  cage  and  car  at  B,  plus 
the  weight  of  the  rope,  multiplied  by  the  small  radius  of  the 
drum,  minus  the  weight  of  the  car  at  T,  multiplied  by  the 
large  radius  of  the  drum. 

Suppose  now  that  the  hoist  has  been  made  and  that  we 
have,  as  shown  in  Fig.  896,  the  condition  of  things  at  the 
end  of  the  hoist.  The  cage  with  the  loaded  car,  which  was 
at  B  and  hanging  on  the  small  diameter  of  the  drum,  is  now 
at' the  top  at  Zand  hanging  on  the  large  diameter.  The 
cage  with  the  empty  car,  which  was  at  T  and  hanging  on 
the  large  diameter  of  the  drum,  is  now  at  the  bottom  at  E 
and  hanging  on  the  small  diameter.  The  turning  moment 
which  the  engine  must  overcome  is  now  equal  to  the  weight 
of  the  material  hoisted  plus  the  weight  of  the  cage  and  car 
at  Z,  multiplied  by  the  large  radius  of  the  drum,  minus  the 
weight  of  the  cage  and  car  at  £,  plus  the  weight  of  the  rope, 
multiplied  by  the  small  radius  of  the  drum. 

2491.  Now  what  is  desired  is  that  the  load  against  the 
engine  at  the  beginning  of  the  hoist  shall  be  equal  to  that  at 
the  end  of  the  hoist.  To  determine  what  diameters  of  drum 
will  produce  such  an  effect,  we  have  simply  to  make  an 
equation  of  the  two  loads,  and  then  solve  the  equation  for 
the  relation  between  the  two  diameters. 

Let  Af=  the  weight  of  material; 

C  =  the  weight  of  cage  and  car; 
R  =  the  weight  of  rope; 
I?  =  the  large  diameter  of  drum; 
d  =  the  small  diameter  of  drum. 

Then,  writing  down  the  loads,  as  above,  we  get  this 
equation : 

(M+  C  +  R)4 ^  C X  n  ^  {M-^  C) D --  {C+  R)d. 
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It  will  be  noted  that,  instead  of  the  radii  of  the  drum,  as 
used  before,  we  have  here  used  the  diameters.  That  is 
because  we  generally  speak  of  the  diameter  of  a  drum  and 
not  its  radius,  when  referring  to  its  size.  In  using  the 
radius,  we  obtain  the  actual  moment  in  foot-pounds,  but  in 
this  case  we  do  not  care  for  the  actual  moment.  We  only 
want  their  relative  values,  and  these  can  be  obtained  just 
as  well  by  using  the  diameters  for  the  multipliers. 

To  solve  the  above  equation,  we  will  proceed  as  follows: 

Add  C  X  D  to  both  sides  of  the  equation,  and  we  have 

(^M+  C'\-R)d=  {M+  C)D--  {C+  R)d+CxD. 

Add  {€-{■  R)d  to  both  sides,  and  we  have 

(M+C+R)d-\-{C'\-R)d={M+C)D+CxD, 
which  turned  about  is 

(M  +  C)  D  +  C  X  D  =  {M -^  C  +  R)  d-^  {C  +  R)d, 

This  may  be  written 

D  {M+  2  C)  =  d{M+  %C+^R). 

Dividing  both  sides  by  {M -\-  2  C),  we  have 

d{M+^C+%R) 
^-"         (J/+2C)       •  ^^^"^-^ 

Rule. — To  find  the  large  diameter  of  a  conical  drunt^  mul- 
tiply the  small  diameter  by  the  weight  of  the  material  to  be 
hoisted^  plus  twice  the  weight  of  the  cage  and  car^  plus  twice 
the  weight  of  the  rope;  divide  this  product  by  the  weight  of 
the  material^  plus  twice  the  weight  of  the  cage  and  car. 

Applying  this  rule  to  the  plant  that  we  have  been  con- 
sidering, we  have 

7  (5,000  +  12,000  -h  4,800)  _  . 

^  = (5,000+12,000)  -  ^-^^  ^^• 

The  drum  would  then  be  7  ft.  in  diameter  at  the  small 
ends  and  8  ft.  li^  in.  at  the  large  ends. 

2492.  Conical  drums  are  more  expensive  to  build  than 
cylindrical   drums,   and   they  are   not,   therefore,    used   as 
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often.  In  capacity,  they  range  as  large  a«  the  largest 
cylindrical  drums. 

For  hoisting  from  shafts  less  than  2,000  ft.  deep,  cylin- 
drical and  conical  drums  answer  very  well,  but  for  hoisting 
from  shafts  of  greater  depths,  they  are  not  entirely  satis- 
factory. As  has  been  said,  it  is  not  good  practice  to  wind 
the  rope  upon  itself;  and  to  wind  it  in  a  single  layer  on  a 
drum,  when  there  are  three  or  four  thousand  feet  of  it, 
requires  a  very  large  drum.  A  very  large  drum  is,  of 
course,  very  heavy  and  costly.  The  great  weight  is  objec- 
tionable because  it  forms  a  mass  to  be  put  into  motion 
and  brought  to  rest  at  each  hoist,  thus  making  the  action 
slow  or  requiring  surplus  power  ifi  the  engines  for  the 
purpose.  It  requires  a  large  shaft  and  large  bearings  to 
carry  it.  The  great  length  of  drum  necessitates  the 
placing  of  the  engines  far  apart,  and  this  adds  to  the  cost  of 
the  engines,  foundations,  and  building.  It  also  makes  the 
fleeting  of  the  rope,  as  it  winds  upon  the  drum  from  one 
end  to  the  other,  excessive,  and  this  requires  that  the  drum 
shall  be  placed  at  a  considerable  distance  from  the  shaft  and 
that  carrying  sheaves  shall  be  used. 

Because  of  these  objections,  other  styles  of  drums  have 
been  tried  with  varying  success.  These  are  the  Reels  and 
the  Rope  Wheels  before  mentioned. 


REELS. 

2493*  Reels  are  small  narrow  drums  with  high  flanges, 
used  for  winding  flat  ropes.  A  drum  of  this  style  is  illus- 
trated in  Fig.  897.  The  hub  is  increased  in  diameter  above 
what  is  necessary  for  strength  to  such  a  size  as  is  suitable 
to  w^ind  the  rope  upon.  It  is  then  cored  out  from  the  inside, 
so  as  not  to  leave  too  great  a  mass  of  metal.  From  the  hub, 
arms  of  a  T  cross-section  extend  out  radially  to  serve  as  a 
flange  to  support  the  rope  laterally  when  it  is  all  wound 
upon  the  reel.  These  arms  are  connected  at  their  outer 
ends  by  a  continuous  flange  having  nearly  an  L  cross-section, 
which  is  flared  out  so  as  to  take  the  rope  easily,  if  it  is  de- 
flected sideways  at  all.     The  rope  winds  at  first  upon  the 
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diameter  A  A  and  then  upon  itself,  so  that  the  diameter 
of  the  reel  increases  as  the  hoist  is  made  and  as  the  load  due 
to  the  rope  decreases.     This  serves  to  equalize  the  load  due 


to  the  rope  in  the  same  manner  as  a  conical  drum  does. 
Two  reels  are  generally  put  upon  the  same  shaft,  and  while 
one  is  hoisting  from  one  compartment  of  a  shaft*  the  other 
is  lowering  into  another  compartment. 

24d4.  Let  us  take  a  case  of  this  sort  and  calculate  the 
diameters  of  the  hub  and  flanges  of  the  reel,  and  the  size  of 
the  rope  that  should  be  used.  Suppose,  for  instance,  that 
we  have  a  two-compartment  vertical  shaft  2,000  feet  deep; 
that  we  are  required  to  hoist  5,000  pounds  of  material  at  a 
trip,  and  that  we  are  to  hoist  it  in  a  self-dumping  skip 
weighing  3,000  pounds. 

The  method  of  calculation  will  be  somewhat  similar  to 
that  used  in  determining  the  sizes  of  a  conical  drum,  hut  not 
so  direct,  because,  in  this  case,  there  is  another  variable 
quantity  to  contend  with  in  the  size  of  the  rope.  When 
using  a  round  rope,  we  can  tell  directly  by  referring  to  a  table 
what  diameter  of  rope  should  be  used  for  a  given  load;  but, 
in  using  a  flat  rope,  we  can  not  tell  by  referring  to  the  table 
what  size  of   rope   should  be  used,  because   we  And  that 
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several  ropes  give  the  desired  strength ;  yet  we  do  not  know 
what  thickness  will  suit  the  other  conditions.  We  must, 
therefore,  resort  to  the  method  of  ** trial  and  error"  or  use 
algebra.  We  will  use  the  former.  This  will  be  clearer  to 
the  student  as  we  proceed  with  the  problem  before  us. 

Referring  to  Table  49,  Art.  2527,  we  find  that  a  flat 
steel  rope  with  a  breaking  strength  of  153,000  pounds  weighs 
5.15  pounds  per  foot;  hence,  2,000  feet  of  it  weigh  2,000  X 
5.15  —  10,300  pounds.  The  total  load  on  the  rope  would 
then  be  18,300  pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  skip 3,000  pounds. 

Weight  of  rope 10,300  pounds. 

Total 18,300  pounds. 

This  rope  would  give  a  factor  of  safety  of  8.4,  which  is  not 
quite  enough  when  figuring  from  the  dead  load  without  that 
due  to  resistance  of  friction  and  acceleration. 

A  similar  rope  with  a  breaking  strength  of  204,000  pounds 
weighs  6.8G  pounds  per  foot;  hence,  2,000  feet  of  it  weigh 
2,000  X  6.80  =  13,720  pounds.  The  load  on  the  rope  would 
then  be  21,720  pounds. 

That  is, 

Weight  of  material 5,000  pounds. 

Weight  of  skip 3,000  pounds. 

Weight  of  rope 13,720  pounds. 

*  Total 21,720  pounds. 

This  rope  gives  a  factor  of  safety  of  9.4,  which  is  quite 
satisfactory. 

Substituting  the  foregoing  weights  of  material,  skip,  and 

rope  in  formula  213,  we  have 

_  ^/ (5^000  -f  0,000  +  27,440) 

""         '  Jry'^i)  +117)00)        "  '■ 
Z?  =  3.5^/. 

In  other  words,  the  large  diameter,  or  that  of  the  last  coil 
of  rope,  should  be  3.5  times  the  small  diameter,  or  that  of  the 
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reel  hub.  If  we  assume  the  reel  hub  to  be  4  feet  in  diame- 
ter, the  last  coil  of  the  rope  should  be  3.5  X  4  feet,  or  14  feet, 
in  diameter,  and  we  have  such  a  coil  of  rope  as  is  shown  in 
Fig.  898. 

The  area  of  a  circle  14  feet,  or  168  inches,  in  diameter  is 
23,167  square  inches,  and  the  area  of  a  circle  4  feet,  or  48 
inches,  in  diameter  is  1,810  square  inches.     The  difference 


between  these  area,  or  20,357  square  inches,  is  the  area  of 
the  annular  ring  which  represents  the  rope.  Now,  the 
original  proposition  was  that  this  rope  should  be  2,000  feet, 
or 24,000  inches,  in  length.  If,  then,  wedivide  theareaof  the 
rope  by  its  length,  we  will  have  its  width,  which  in  this  case, 
of  course,  means  its  thickness.  That  is,  20,357  -^  24,000  = 
.84  inch,  which  is  the  thickness  of  a  rope  that  would  fulfil 
our  requirements  when  wound  upon  a  reel  with  a  4-foot 
hub.  This  is  considerably  thicker,  however,  than  good 
practice  would  sanction,  the  thinner  ropes,  such  as  f  in,, 
^in.,  and  g  in.,  being  most  in  favor. 
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To  obtain  a  thinner  rope  that  will  answer  the  same  pur- 
pose, we  will  assume  a  reel  hub  3  feet  in  diameter.  The 
last  coil  of  rope  will  then  be  3.5  X  3  feet,  or  10^  feet,  in 
diameter,  and  we  have  an  annular  ring  of  rope,  as  before. 
The  area  of  a  circle  10^  feet,  or  126  inches,  in  diameter  is 
12,4(59  square  inches,  and  the  area  of  a  circle  3  feet,  or  36 
inches,  in  diameter  is  1,018  square  inches.  The  difference 
between  these  is  11,451  square  inches,  or  the  area  of  the 
rope,  and  this,  divided  by  the  required  length,  as  before, 
gives  .48  inch  as  the  thickness  of  the  rope.  Call  this  ^  inch. 
We  find,  by  referring  to  Table  49,  that  a  ^-inch  by  8-inch 
rope  is  the  one  we  want.  We  then  have  for  the  dimensions 
of  our  reel — diameter  of  hub,  3  feet ;  width  between  flanges, 
Si  inches,  allowing  ^  inch  on  each  side  of  the  rope  for 
clearance;  diameter  of  the  flanges  where  they  flare  out, 
10^  feet. 

2495.  Reels  have  the  advantage  of  being  light  and 
inexpensive  to  build.  They  are  very  narrow  and  require 
very  short  drum  shafts,  thus  allowing  the  engines  to  come 
close  together,  and  reducing  the  necessary  foundations  and 
building.  They  allow  a  partial  equalization  of  the  load  on 
the  engines,  due  to  the  rope,  and  they  do  not  require  any 
fleeting  of  the  rope.  These  advantages,  however,  are  more 
than  counterbalanced  by  the  disadvantages  due  to  the  use 
of  a  flat  rope.  These  will  be  considered  later  in  their 
proper  place.  Reels  and  flat  ropes  are  used  to  some  extent 
in  the  Western  mining  camps  of  the  United  States  and  in 
England.  In  the  latter  place  they  are  no  longer  in  favor 
among  engineers,  and  several  of  them  have  been  taken  out 
to  be  replaced  by  drums  using  round  ropes. 


ROPE  \%^HEELS. 
2496*  Rope  ivtieels,  as  we  si)eak  of  them  here,  are 
simply  very  short  cylindrical  drums,  so  short  that  only  a 
few  turns  of  the  rope  are  accommodated.  They  are  used 
for  hoisting  in  two  systems:  //ie  Ka:pc  system  and  the  Whi- 
ting system^  both  of  which  use  round  ropes,  and  are  designed 
to  overcome  the  objections  to  cylindrical  and  conical  drums. 
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2497.  The  Koep«  System. — This  may  briefly  be 
said  to  consist  in  the  substitution  of  a  single-grooved  rope 
wheel  in  place  of  the  ordinary  drum.  The  winding-rope 
passes  from  one  cage  up  over  its  head  sheave ;  from  there 
around  the  drum  and  back  over  the  other  head  sheave,  then 
down  to  the  second  cage.  It  simply  encircles  about  half 
the  periphery  of  the  drum  in  the  same  manner  as  a  driving- 
belt  on  an  ordinary  pulley,  and  is  driven  by  the  friction 
between  the  two.  There  is  a  balance  rope  beneath  the  cage, 
and  the  arrangement  is,  therefore,  an  endless  rope,  with 
the  cages  fixed  at  the  proper  points.  The  arrangement  is 
shown  in  Fig.  899.     The  drum  must,  of  course,  be  stronger 
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made  to  receive  the  wind- 
ing-rope, the  depth  of  this 
groove  being  generally 
equal  to  twice  the  diam- 
eter of  the  rope.  Instead 
of  being  placed  parallel, 
the  head  sheaves  are  placed 
at  an  angle  with  each  oth- 
er, pointing  each  to  the 
groove  in  the  drum.    This  ''""-  '^• 

reduces  the  side  friction  of  the  rope  on  the  sheaves. 


42       HOISTING  AND  HOISTING  APPLIANCES.    §  33 

system  has  been  in  operation  in  Europe  since  1877.  Ex- 
periments made  upon  it  have  determined  that,  with  a  rope 
passing  only  one-half  turn  around  the  drum,  the  coefficient 
of  adhesion  is  about  30j^.  This  was  with  clean  ropes.  If 
the  ropes  are  oiled,  the  adhesion  becomes  less,  and  slippage 
occurs,  which,  of  course,  is  very  objectionable.  Slippage  in 
such  a  case  not  only  results  in  the  wear  of  the  drum  lining, 
but  it  makes  the  reading  of  the  hoist  indicator  incorrect, 
and  leads  to  possible  overwinding.  Of  course,  if  the  hoist 
is  indicated  by  marks  on  the  rope,  and  if  the  engineer  can 
see  the  cage  itself,  this  is  not  so  serious. 

At  the  end  of  the  hoist,  if  the  upper  cage  is  allowed  to 
rest  on  the  keeps,  its  weight  and  the  weight  of  the  balance 
rope  are  taken  off  from  the  hoisting  rope.  The  consequence 
is  that  there  is  not  enough  weight  left  on  the  hoisting  rope 
to  produce  sufficient  friction  with  the  drum  to  start  the 
next  hoist.  To  prevent  this  trouble,  the  keeps  have  been 
dispensed. with,  or  else  the  rope  has  been  made  continuous 
and  independent  of  the  cage.  To  do  this,  cross-heads  have 
been  added  above  and  below  each  cage,  and  connected  by 
ropes  or  chains  outside  of  the  cages.  The  bridle  chains  are 
then  hung  from  the  top  cross-head,  and  when  the  cage  rests 
on  the  keeps  the  weight  of  the  hoisting  and  balance  ropes 
remains  on  the  drum. 

This  system  has  its  advantages  and  disadvantages.  Only 
one  drum  is  necessary  for  the  operation  of  two  compart- 
ments, and  it  is  light  and  inexpensive  to  build.  It  is 
also  very  narrow,  admitting  of  a  short  drum  shaft  and  small 
foundations.  The  system  permits  a  perfect  balance  of  rope 
and  cage,  so  that  the  work  to  be  done  by  the  engines  i.;  uni- 
form, except  for  the  acceleration,  and  consists  only  in  lift- 
ing the  material  and  overcoming  the  friction.  There  is  no 
fleeting  of  the  r()i)c  as  it  runs  to  and  from  the  drum. 

Yet  with  these  points  in  its  favor,  it  has  disadvantages 
which  prevent  it^s  being  used  to  any  considerable  extent. 
Probably  the  greatest  objection  to  the  system  is  the  liability 
of  slippage  of  the  rope  on  the  drum.  This,  of  course,  must 
not  occur,  or  there  will  be   no  end  of    trouble.      Another 
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objection  is  that  if  the  rope  breaks  both  cages  will  surely  go 
to  the  bottom.  Still  another,  and  a  very  important  one,  is 
that  hoisting  from  different  levels  can  not  be  done  with 
entire  satisfaction.  This  is  because  the  cages  are  at  a  fixed 
distance  from  each  other.  The  length  of  the  rope,  of  course, 
is  such  that  when  one  cage,  which  we  will  call  Ay  is  at  the 
top,  the  other  cage,  which  we  will  call  B,  is  at  the  bottom. 
If  hoisting  is  to  be  done  from  the  bottom,  this  is  satisfactory ; 
but  if  hoisting  is  to  be  done  from  some  upper  level,  cage  B^ 
which  is  at  the  bottom,  must  go  up  to  that  level  and  be 
loaded  before  it  can  go  to  the  top.  Then,  when  cage  B 
goes  to  the  top  with  its  load,  cage  A  must  go  clear  down  to 
the  bottom,  wait  there  while  cage  B  is  being  unloaded,  go 
up  to  the  upper  level  and  receive  its  load  before  it  can  start 
on  its  upward  trip.  For  each  trip,  therefore,  the  time  is 
lost  that  is  necessary  for  a  cage  to  go  from  the  bottom  to 
the  upper  level  and  be  loaded ;  and  two  movements  of  the 
engines  are  necessary  to  make  a  hoist  instead  of  one,  as  it 
should  be.  If,  when  cage  A  went  to  the  top,  cage  B  went 
down  only  to  the  desired  level,  and  was  being  loaded  there 
while  cage  A  was  being  unloaded,  it  would  be  ready  to  go 
to  the  surface  with  its  load  directly,  and  this  loss  of  time 
would  not  occur. 

2498.  The  Wliititkz  System. — This  is  a  system  of 
hoisting  with  round  ropes,  in  which  two  narrow  grooved 
drums  or  rope  wheels  are  used  in  place  of  the  cylindrical  or 
conical  drums  ordinarily  used.  These  drums  are  placed 
tandem.  As  shown  in  Fig.  900,  the  rope  passes  from  one 
cage  A  up  over  a  head  sheave,  down  under  a  guide  sheave, 
then  to  the  drums  M  and  /%  around  both  of  which  together 
it  is  wound  three  times  to  secure  a  good  hold,  and  out  to  a 
a  fleet  sheave  C,  then  back  under  another  guide  sheave,  up 
over  another  head  sheave,  and  down  to  the  other  cage  B, 
This  shows  the  arrangement  for  a  two-compartment  shaft. 
When  the  system  is  to  be  used  for  a  single-compartment 
shaft,  one  end  of  the  rope  carries  the  cage  and  the  other  end 
carries  a  weight  to  balance  the  cage,  and  is  run  up  and  down 
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in  a  corner  uf  the  shaft.     A  balance  rope  is  shuwn  in  the  cut, 
and  is  generally  used,  though  it  is  not  essential  to  the  work- 


ing of  the  system,  as  it 
is  in  the  Kaepe  system. 
When  sinking  a  shaft,  a 
balance  rope  can  not  be 
used,  as  it  is  always  in  the 
way  at  the  bottom  of  the 
shaft,  where  the  work  is 
being  done. 

The  drums  are  lined  with 
hardwood  blocks,  having 
three  rope  grooves  turned 
in  them.  The  main  drum 
M  is  driven  direct  by  a 
two-crank  engine,  with 
cranks  at  right  angles,  so 
as  to  present  no  dead-cen- 
ter, or  by  an  electric 
motor  through  gearing. 
The  following  drum  F  is 
coupled  to  the  main  drum 
by  a  pair  of  parallel  rods, 
one  on  each  side,  in  the 
same  manner  as  are  the 
drivers  of   a    locomotive. 
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This  gives  six  semi-circumferences  of  driving  contact  with 
the  rope,  as  compared  with  the  one  semi-circumference  of 
the  Koepe  system.  In  the  best  plants  on  this  system,  the 
following  drum  F  is  tilted  or  inclined  from  the  vertical  an 
amount  equal,  in  the  diameter  of  the  drum,  to  the  pitch  of 
the  rope  on  the  drum,  the  object  being  to  enable  the  rope  to 
run  straight  from  each  drum  to  the  other  without  any  cha- 
fing between  the  ropes  and  the  sides  of  the  grooves,  and  to 
eliminate  the  danger  of  the  rope  running  off.  This  arrange- 
ment throws  the  shaft  and  crank-pins  out  of  parallel  with 
those  of  the  main  drum,  but  this  is  easily  accommodated  in 
the  ends  of  the  parallel  rods. 

The  fleet  sheave  C  is  arranged  to  travel  backwards  and 
forwards,  as  shown  in  dotted  lines,  in  order  to  change  the 
working  length  of  the  rope.  This  makes  the  system  very 
complete,  and  is  desirable  for  the  following  reasons : 

In  sinking,  as  a  greater  depth  is  reached,  it  is  necessary  to 
let  out  rope  in  some  way,  that  is,  to  increase  its  working 
length;  in  this  system,  it  is  done  by  moving  in  the  fleet 
sheave  towards  the  drums.  If  the  shaft  has  been  sunk  6  feet 
deeper,  it  is  only  necessary  to  move  the  fleet  sheave  in  3  feet 
nearer  to  the  drums.  Thus,  it  will  also  be  seen  that,  if  we 
are  going  to  sink  500  feet  during  the  life  of  the  present  rope, 
we  will  want  a  travel  of  the  fleet  sheave  of  250  feet. 

2499*  In  sinking  and  in  regular  hoisting,  it  is  advisable 
to  occasionally  renew  the  fastenings  at  the  ends  of  the  rope, 
and  to  cut  off  a  few  feet  of  the  ends  where  the  greatest  wear 
occurs.  This  shortens  the  rope,  and  the  fleet  sheave  is  moved 
in  to  make  up  the  deficiency.  A  new  rope  stretches  very 
considerably,  and  all  ropes  expand  with  the  heat  and  contract 
with  the  cold.  The  length  is  therefore  changing  continually, 
and  adjustment  must  be  made  in  order  to  bring  the  two 
cages  to  their  proper  landings  at  the  same  time.  This  ad- 
justment is  easily  made  by  moving  the  fleet  sheave  out  or  in. 

2500.  As  was  noted  when  considering  the  Kcepe  sys- 
tem, in  regular   hoisting  it  is  often  necessary  to  hoist  from 
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some  other  level  than  the  bottom,  and  it  is  desirable  to  do  so 
without  any  loss  of  time  and  in  one  motion  of  the  engines. 
This  can  readily  be  done  with  the  Whiting  system.  Let  us 
suppose,  for  instance,  that  cage  A  is  at  the  top  and  cage  B 
is  at  the  bottom,  and  that  hoisting  is  to  be  done  from  some 
upper  level.  We  have  simply  to  run  our  fleet  sheave  out, 
and  in  that  way  shorten  the  working  length  of  the  rope 
until  cage  B  comes  up  to  that  upper  level.  It  can  then  be 
loaded  and  go  to  the  top.  While  cage  B  goes  to  the  top, 
cage  A  comes  down,  but  only  so  far  as  the  upper  level,  be- 
cause the  rope  is  short.  It  will  then  be  loaded  while  cage  B 
is  being  unloaded,  and  can  go  directly  to  the  top  without 
any  lost  time  and  with  one  motion  of  the  engines. 

2501.  The  drums  used  in  this  system  are  light  and  in- 
expensive. They  are  also  narrow,  admitting  of  short  drum 
shafts  and  small  foundations.  The  system  permits  a  perfect 
balance  of  rope  and  cage,  so  that  the  work  to  be  done  by  the 
engines  is  uniform,  except  for  the  acceleration,  and  consists 
only  in  lifting  the  material  and  overcoming  the  friction. 
There  is  no  fleeting  of  the  rope  as  it  runs  to  and  from  the 
drum.  It  remains  in  one  line  at  all  times,  and  so  allows  the 
drums  to  be  placed  as  close  to  the  shaft  as  may  be  desired. 

With  the  six  semi-circumferences  of  contact  between  the 
rope  and  the  drums,  there  is  no  slippage  of  the  rope. 

2502.  The  capacity  of  the  drums  is  unlimited.  Cylin- 
drical drums,  if  they  are  grooved  for  the  rope,  and  conical 
drums  and  reels  will  hold  a  certain  fixed  length  of  rope,  and 
will,  therefore,  hoist  from  a  certain  maximum  depth  of  shaft 
for  which  they  were  designed.  If  a  plant  is  built  on  the 
Whiting  system  for  a  certain  depth  of  shaft,  and  later  it  is 
desired  to  hoist  from  a  greater  depth,  it  can  be  done  with- 
out any  trouble.  If  we  choose  to  use  the  same  diameter  of 
rope,  we  can  hoist  the  same  load  and  allow  a  smaller  factor 
of  safety,  or  we  can  hoist  a  smaller  load  and  retain  the  same 
factor  of  safety.  If  we  choose  to  use  a  larger  rope,  we  can 
hoist  the  same  load  with  the  same  factor  of  safety.     In  other 
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words,  the  length  of  rope  does  not  bear  any  relation  to  the 
size  of  the  drums. 

2503.  This  system  was  used  as  early  as  1802  in  Eastern 
Pennsylvania,  but  it  was  not  used  extensively,  because  hoist- 
ing from  great  depths  was  not  necessary.  For  depths  of  less 
than  1,000  ft.,  cylindrical  and  conical  drums  are  quite  satis- 
factory. Lately,  however,  this  system  has  been  coming  into 
use  as  being  the  best  for  deep  shafts.  In  the  Lake  Superior 
copper  region  there  are  now  three  plants,  two  of  which  are 
probably  the  largest  hoisting  plants  in  the  world.  Each 
plant  consists  of  a  pair  of  triple-expansion,  vertical,  inverted 
beam-engines,  driving  direct  a  pair  of  19-foot  drums.  The 
high-pressure  cylinders  are  20  inches  in  diameter,  the  inter- 
mediate cylinders  32  inches,  and  the  low-pressure  cylinders, 
50  inches,  and  all  six  of  them  have  a  72-inch  stroke.  The 
rope  used  is  a  2;i^-in.  plow-steel  rope,  and  it  hoists  10  tons  of 
material  at  a  trip  from  a  depth  of  4,980  ft.,  the  deepest  shaft 
in  the  world.  Several  plants  on  the  Whiting  system  have 
been  built  in  England,  and  two  or  more  are  working  in 
South  Africa. 


DRUM  APPLIANCES. 

2504.  Although  the  drum  of  a  hoisting  plant  may  be  of 
either  of  the  foregoing  kinds,  there  are  certain  appliances 
which  are  necessary  adjuncts  in  every  case. 

We  may  class  among  these:  Brakes^  Clutches^  Hoist 
Indicators^  and  Rope  Fastenings. 


BRAKES. 

2506«  To  fit  a  drum  for  hoisting  service,  it  must,  first 
of  all,  be  equipped  with  a  good  brake ;  that  is,  a  mechanism 
which  will  take  firm  hold  of  it  at  any  point  in  its  revolution 
and  secure  it  against  turning  under  any  force  that  may  be 
brought  upon  it.  In  a  single  hoist  it  may  have  a  force 
brought  upon  it  due  to,  and  equal   to,  the  weight   of  the 
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rope,  the  car,  the  cage,  and  the  material  to  be  hoisted  ap- 
pliedatitscircumference. 
In  other  words,  if  we  have 
a  hoist,  as  shown  in  Fig. 
901,  in  which  the  diame- 
ter of  the  drum  is  8  feet, 
the  diameter  of  the  rope 
is  IJ  inches,  the  length 
of  the  hoist  is  1,500  feet, 
^  the  weight  of  the  car  and 
^  the  cage  is  5,000  pounds, 
and  the  weight  of  the 
material  to  be  hoisted 
is  5  tons,  we  will  have  a 
turning  moment  on  the 
drum  of  75.000  ft. -lb. 

This  result  is  obtained 
thus :  Iron  or  steel  rope 
1\  inches  in  diameter 
weighs  2.5  pounds  per 
foot,  or  2.5  X  1,500  = 
3,750  pounds  for  1,600 
feet.  The  total  load 
P:o.  SOI.  would,  therefore,  be, 

3,750  pounds  of  rope; 
5,000  pounds  of  car  and  cage; 
10,000  pounds  of  material; 
Total,    18,750  pounds. 
This  load  would   be   applied  at  the  circumference  of  the 
drum,  or  at  a  radius  of  4  feet.     The  turning  moment  would 
then  be   1S,750  X  4,  or  75,000  foot-pounds,   and    the  direct 
pull  on  the  brake,    if  it  took  hold  at   the  same  diameter, 
would  be  18,750  pounds. 

2506.  If  the  hoist  is  double,  and  a  tail-rope  is  used,  the 
rope,  car,  and  cage  are  balanced,  and  the  brake  will  not 
have  to  be  so  powerful.  Such  a  case  is  represented  in  Fig. 
903.     We  will  suppose  in  this  case  that  the  same  sizes  of 
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drum,    rope,   car,    and   cage   are   used;   that   the   shaft   is 
.  of  the  same  depth,  and  that  the  same  weight  of  material  is 
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balance  eacn  omer,  as  ao 
also  the  two  cars  and 
cages,  and  that  the  only 
load  tending  to  turn  the 
drum  is  that  of  the  mate- 
rial. As  before,  this  is 
10,000  pounds,  and  the 
turning  moment  at  the 
drum  is  10,000x4=40,000 
foot-pounds,  as  compared  Fic.  son. 

with  75,000  foot-pounds,  which  we  had  before.  The  direct 
pull  on  the  brake  would  be  10,000  pounds,  as  compared 
with  18,750  pounds. 

This  shows  that  the  brake  must  be  built  to  suit  the  case. 

2507.  There  are  two  styles  of  brakes  in  general  use; 
namely,  block  brakes  and  tttrap  brakes,  both  of  which 
are  friction-brakes.  A  block  brake  is  one  in  which  one  or 
more  blocks,  or  shoes,  being  secured  against  a  circumfer- 
ential motion,  are  forced  radially  upon  the  drum  surface  and 
hold  it  against  rotation  by  the  friction  between  them.  Such 
a  brake  is  illustrated  in  Fig.  003,  in  which  A  is  the  drum,  ^ 
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is  the  block,  or  shoe,  being  a  piece  of  hardwood  about  two 
feet  long;  C  is  a  brake-lever  with  fulcrum  at  /?;  £  is  a  rod 
to  transfer  the  leverage  up  to  the  engine-house  floor  where 
the  engineer  stands;  F  is  an  adjusting  screw  to  take  up  the 
wear  of  the  brake-block ;  G  is  the  hand-lever  by  which  the 
engineer  operates  the  brake.  One  advantage  in  this  kind  of 
brake  is  that  it  requires  very  little  motion  of  the  shoe  to  free 


Fig.  908. 

itself  from  the  drum  when  the  brake  is  off.  This  being  the 
case,  and  the  motion  available  at  the  other  end  of  the  brake 
gear  being  limited,  it  follows  that  the  ratio  of  gearing  can 
be  great,  and,  consequently,  also  the  force  at  the  shoe. 

This  style  of  brake  is  very  simple,  but  it  is  fast  going  out 
of  use,  because  the  single  block  gives  so  small  an  amount  of 
rubbing  surface,  and  the  pressure  of  the  brake,  being  entirely 
on  one  side  of  the  drum,  either  lifts  the  drum  or  pushes  it 
hard  against  its  bearings. 

2508.  Block  brakes  with  two  blocks,  commonly  known 
as  post  brakcSy  give  a  greater  amount  of  rubbing  surface,  and 
the  pressure  of  the  brake,  being  applied  at  two  points  dia- 
metrically opposite  each  other,  is  equalized.  Such  brakes 
are  largely  used  in  some  localities.  Fig.  904  illustrates  a 
block  brake.  A  is  the  drum ;  B^  B  are  the  blocks  or  shoes, 
which  can  be  made  long  enough  to  encircle  90°  on  each 
side  of  the  drum;  C,  C  are  the  posts;  D,  D  are  the  ful- 
crums,  which  should  be  tied  together  by  a  distance-piece,  as 
shown^  and  should  be  securely  fastened  to  the  foundations; 
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^  is  a  tension-rod,  and  F  \?>  a  bent  lever.     Power  is  applied 
at  the  end  of  the  lever  /%  as  shown  by  the  arrow. 

An  objection  to  this  sort  of  brake  arises  from  the  fact  that 
if  the  drum  surface  upon  which  the  brake  is  applied  is  not 


(^ 


Pig.  OM. 

perfectly  round,  the  resistance  of  the  brake  will  not  be  uni- 
form when  applied  while  the  drum  is  in  motion. 

Another  objection  to  a  block  brake  is  that  the  wear  is  very 
excessive,  owing  to  the  small  amount  of  surface  in  contact 
with  the  drum ;  and  still  another  objection  is  the  enormous 
force  required  to  do  a  given  amount  of  braking. 

2509.  There  is  a  law  of  mechanics  which  states  that 
the  amount  of  friction  between  two  surfaces  varies  directly 
as  the  pressure  by  which  they  are  held  in  contact,  and  is  in- 
dependent of  the  area  of  those  surfaces  up  to  the  point  of 
abrasion.  This  law  has  been  applied  to  the  brakes  of  hoist- 
ing machinery,  especially  by  those  who  advocate  the  use  of 
block  brakes;  but  it  is  not  applicable,  and  for  two  reasons. 
In  the  first  place,  the  operation  of  brakes  is  almost  always 
at  a  pressure  considerably  beyond  the  point  of  abrasion, 
otherwise  there  would  not  be  such  wear  both  of  the  shoe  and  of 
the  drum.  In  the  second  place,  even  inside  of  the  point  of 
abrasion,  the  law  does  not  allow  of  a  comparison  between 
block  brakes  and  strap  brakes,  because  their  surfaces  are  not 
similar.     The  surface  of  the  block  brake  is  short,  rigid,  and 
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practically  flat,  while  the  surface  of  the  strap  brake  is  lon^, 
pliable,  and  of  a  cylindrical  shape.  In  the  case  of  the  strap 
brake,  another  law  affects  the  results,  a  law  which  is  famil- 
iar to  us  all  in  its  practical  application,  and  which  we  have 
all  used  when  we  have  taken  a  couple  of  turns  around  a  post 
with  a  rope,  so  that  we  could  more  easily  resist  some  force 
at  the  other  end. 

2510.  Strap  brakes,  in  which  the  strap  consists  of  a 
wrought-iron  band,  are  used  very  extensively.  The  levers 
for  transmitting  the  power  from  the  hand-lever  or  treadle 
to  the  brake  strap  are  variously  arranged.  In  some  cases 
the  force  is  multiplied  by  several  short  levers,  in  others  by 
one  long  lever.     The  treadle,  however,  has  been  replaced 
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almost  entirely  by  the  hand-lever,  and  is  now  seldom  seen 
except  at  old  collieries.  A  single  strap  entirely  surrounding 
the  drum  is  sometimes  used,  but  this  is  only  satisfactory 
with  small  drums.  The  usual  method  is  to  have  two  straps, 
each  extending  half  way  around  the  drum.  A  brake  of  this 
sort  is  shown  in  Fig.  905,  in  which  A  is  the  upper  brake 
strap  and  B  the  lower.  One  end  of  each  strap  is  brought 
down  to  a  bolt,  one  single  and  the  other  double,  by  riveting 
to  the  strap  a  forging  a  and  a'  as  shown  in  the  figure.  The 
object  in  giving  one  end  one  bolt  and  the  other  two  is  to 
allow  them  to  pass  each  other  and  yet  have  their  lines  of 
action  intersect.     These  bolts  are  passed  through  a  casting 
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C  which  is  securely  bolted  to  the  foundation,  and  are 
fastened  to  it  by  four  nuts  on  each  bolt,  two  principal  nuts 
and  two  jam  nuts.  This  gives  a  means  of  adjusting 
the  length  of  the  strap  to  take  up  the  wear.  A  second 
method  of  securing  the  back  ends  of  the  straps  is  shown  at 
D,  In  this  case  a  wrought-iron  angular  piece  is  riveted  to 
each  strap,  and  these  are  passed  over  the  bolt  that  takes  the 
place  of  the  casting  of  the  former  arrangement.  Nuts  are 
used  as  shown,  to  adjust  the  straps  for  wear.  The  bolt 
should  be  short  and  stiff,  so  as  to  be  well  able  to  withstand 
the  force  tending  to  bend  it  when  the  drum  is  moving  or 
tending  to  move  in  the  direction  shown  by  the  arrow.  The 
front  ends  of  the  straps  are  worked  into  eyes  of  somewhat 
less  length  than  the  width  of  the  strap,  as  shown  at  E, 
These  ends  of  the  straps  are  fastened  to  the  brake-lever  F  by 
means  of  bolts  passing  through  their  eyes  and  the  brake- 
lever.  The  figure  clearly  shows  the  action  of  the  brake. 
The  brake-lever  is  supported  on  a  pin  at  G,  so  that  it  can 
rotate  about  it.  When  the  braking  force  is  applied  at  H^ 
through  the  connection  shown,  and  in  the  direction  of  the 
arrow,  the  brake-lever  tends  to  rotate,  pulling  down  on 
strap  A  and  up  on  strap  B.  These  being  held  at  the  back 
end  grasp  the  drum  tighter  as  the  force  is  applied. 

251  !•     It  will  be  noticed  in  Fig.  905  that  the  ends  of 
the  straps,  both  front  and  back,  are  brought  in  as  close  to 
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the  drum  as  is  practicable.     This  is  done  to  give  the  great- 
est amount  of  contact  between  the  drum  and  the  straps, 
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and  also  to  get  the  best  effect  from  the  force  applied.  Sup- 
pose, for  instance,  the  brake  were  designed  as  shown  in 
Fig.  90G.  It  will  be  seen  that  here  there  is  much  less  of  the 
straps  in  contact  with  the  drums  than  there  was  before,  and 
also  that  the  same  pull  on  the  straps  will  give  much  less 
pressure  between  the  straps  and  the  drum.  This  last  idea 
may  be  more  clearly  understood  if  we  imagine  the  straps  to 
be  lengthened  indefinitely.  Then  we  should  have  them 
practically  parallel,  as  shown  in  dotted  lines,  and  however 
great  the  pull,  we  should  have  no  pressure  between  them 
and  the  drum. 

2512*  When  brakes,  such  as  we  have  been  considering, 
are  used  on  very  large  drums,  they  are  found  to  be  not  stiff 
enough  to  lift  themselves  from  the  drum  when  the  brake  is 
off;  for  that  purpose,  springs  are  attached  to  the  upper 
strap,  so  as  to  carry  its  weight.     This  idea  is  illustrated  in 

Fig.  907,  in  which  the 
springs  at  yf,  A^  A  are 
shown  carried  from  the 
truss  timbers  by  light 
wrought-iron  rods. 

2513.  So  far,  nothing 
has  been  said  about  the 
source  of  power  to  be  ap- 
plied to  the  brake.  In  the 
great  majority  of  cases,  it 
is  hand  power ;  but  there  are 
^^^■-  ^''-  also   many   drums  so  large 

and  winding  such  heavy  loads  that  the  power  a  man  can 
exert  by  hand  is  not  sufficient  to  brake  them.  Of  course, 
the  force  that  a  man  can  exert  can  be  multiplied  indefinitely 
by  levers  and  combinations  of  levers;  but  it  must  be  borne 
in  mind  that,  while  the  force  is  multiplied,  the  distance 
through  which  it  can  act  is  divided  at  the  same  rate.  Now, 
it  has  been  seen  that  a  certain  amount  of  motion  is  required 
at  the  brake  band,  in  order  to  free  it  from  the  drum  when 
it  is  off.     This,  then,   limits  the  leverage  that  a  man  can 
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use.  Supp)ose,  for  instance,  it  is  assumed  that,  with  a  strap 
brake,  the  band  must  come  off  from  the  drum  half  an  inch. 
It  would,  therefore,  have  to  increase  in  diameter  1  inch,  or, 
say,  3  inches  in  circumference.  Then,  supposing  a  man  to 
exert  his  force  to  advantage  through  3  feet,  or  36  inches,  the 
leverage  is  30  -r-  3  =  12.  That  is,  if  a  man  can  pull  50  lb. 
on  his  hand-lever,  he  can  exert  50  pounds  x  12  =  GOO  pounds 
circumferentially  on  the  brake  band.  This  is  with  simple 
levers.  If  such  a  form  of  lever  be  adopted  as  will  give  a 
constantly  increasing  leverage,  the  force  applied  to  the 
hand-lever  will  be  multiplied  in  an  increasing  ratio.  A 
diagram  will  explain  this  more  clearly. 

2514.     In  Fig.  908,  A  is  the  hand-lever,  with  a  fulcrum 
at  B  and  a  pin  at  C,  by  which  it  takes  hold  of  a  reach  rod  or 
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Fig.  908. 


connection  D.  The  connection  extends  to  the  brake-lever 
E^  which  has  pins  at  F  and  G^  by  which  the  brake  bands  are 
operated.  If  we  make  the  leverage  of  the  hand-lever  6  to  1, 
and  apply  50  pounds  at  its  end,  we  will  exert  300  pounds  at 
the  pin  C,  and,  consequently,  along  the  connection  D  to  the 
end  of  the  brake-lever  E.  Then,  if  wc  make  the  brake-lever 
with  a  ratio  of  4  to  1,  we  will  exert  300  pounds  X  4  =  1,200 
pounds  at  the  pin  F  or  G,  This  must  be  divided  equally 
between  them,  however,  which  will  give  GOO  pounds  pull  on 
each.  Now,  the  distances  through  which  these  forces  act 
are  exactly  in  the  inverse  ratio  of  the  powers.  We  have  said 
that  the  brakeman  can  exert  the  force  of  50  pounds  through 
36  inches.  This,  then,  is  the  motion  of  the  end  of  the  hand- 
lever  A,     One-sixth  of  this,  or  G  inches,  will  be  the  motion 
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at  Cy  and  therefore  at  H\  one-fourth  of  this,  or  1^  inches, 
will  be  the  motion  at  F  and  G,  That  is,  F  will  increase  its 
half  of  the  brake  band  1^  inches  in  circumference,  and  G 
will  do  likewise  with  its  half,  makings  the  total  circumfer- 
ence 3  inches  more,  or  the  diameter  1  inch  more,  and  there- 
by moving  the  band  away  from  the  drum  ^  inch  radially. 
The  levers  are  all  shown  in  mid-position  to  make  the  figure 
more  simple,  but  the  relative  leverages  remain  the  same  at 
all  point-s  in  the  motion. 

This  is  a  case  of  simple  levers.  Let  us  modify  the 
scheme  so  as  to  have  an  increasing  leverage,  which  is  very 
easily  done ;  but  let  us  first  realize  that  the  power  exerted 
at  the  hand-lever  is  just  the  same  as  that  exerted  at  the 
brake  band;  that  is,  50  lb.  X  36  in.  =  2(000  lb.  x  1^  in.); 

and  no  system  of  levers 
yTjor  other  mechanism  can 
///  make  this  any  more  or 
less.  What  we  can  do, 
however,  is  to  make  a 
system  of  levers  that  will 
give  us  a  changing  ratio 
between  the  forces  at  the 
hand-lever  and  at  the 
brake  band. 

2515.  In  Fig.  909 
we  have  shown  our  hand- 
lever  to  a  larger  scale. 
As  before,  B  is  the  ful- 
crum, C  is  the  pin  where 
the  reach  rod  takes  hold, 
and  the  leverage  is  6  to  1. 
The  dotted  lines  show  the 
extreme  positions  for  a 
p,(,  909.  movement  of  36  inches  of 

the  hand.  Let  us  now  take  a  length,  as  B  K^  for  a  radius  to 
describe  an  arc  of  a  circle  about  B.  Then,  from  some  point, 
as  Z,  drop  a  perpendicular  line  and,  parallel  to  it,  another 
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at  a  distance  from  it  equal  to  the  horizontal  motion  of  the 
point  C,  This  second  line  crosses  the  circle  at  M,  If  L  M 
is  greater  than  P  N^  we  have  taken  L  too  far  to  the  right. 
By  trial,  we  can  soon  find  a  point  L  that  is  correct.  Now, 
we  have  obtained  the  points  for  our  new  lever.  Conceive 
the  lever  to  be  in  its  forward  position  and  our  reach-rod  pin 
at  Z,  instead  of  at  C.  We  will  then  have  a  lever  as  shown 
at  R  in  its  forward  position,  and  at  S  in  its  backward  posi- 
tion. In  the  forward  position,  when  only  the  clearance  of 
the  brake  band  must  be  taken  up,  and,  therefore,  but  a 
small  force  required,  the  leverage  is  as  6  to  IJ,  or  4^  to  1, 
and  in  the  back  position,  when  the  brake  is  on,  and  all  the 
force  is  required  that  can  be  had,  the  leverage  is  as  6  to  ^, 
or  12  to  1.  In  other  words,  with  this  new  hand-lever,  a  man, 
by  exerting  a  pull  of  50  lb.  on  the  hand-lever,  will  pull  with 
a  force  of  1,200  lb.  on  each  of  the  brake  bands,  when  the 
lever  is  in  its  back  position. 


2516.  The  question  now  arises,  what  will  this  amount 
do  in  the  way  of  holding  the  drum  against  any  force  that 
may  tend  to  rotate  it  ?  Such 
a  force  will  resolve  itself  into 
a  turning  moment,  and  will  be 
measurable  in  foot-pounds,  as 
we  have  seen  in  the  early  part 
of  this  section.  We  must, 
therefore,  transform  the  force  . 
that  we  get  from  the  brake  ^ 
gear  into  another  turning  mo-  ^ 
ment  of  the  opposite  direction. 

In  Fig.  910  we  have  a.drum 
and  one  brake  band  extending 
from  a  fixed  end  at  yi  to  a 
movable  end  at  B^  where  the 
brake  gear  takes  hold.  These 
ends  are  some  distance  from 
.the  drum,  so  as  to  accommodate  the  anchorage  at  A  and  the 
brake-lever  at.^.     We  have,  therefore,  two  tangents,  A  C 
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and  B  D,  Extend  these  by  dotted  lines  until  .they  intersect 
at  -£,  and  from  E  lay  oS.  E  F  and  E  G,  proportional  in  length 
to  the  pull  on  the  brake  band.  This  we  found  to  be  1,200 
lb.  acting  at  B^  and  we  have  an  equal  and  opposite  force  act- 
ing at  A,  Using  a  scale  of  ^  in.  =  100  lb.,  and  laying  off 
these  forces  from  /f,  we  have  /s\Fand  /:  G  each  IJ  in.  long. 
Completing  the  parallelogram  of  forces  by  drawing  F H 
parallel  to  E  G,  and  G  H  parallel  to  E  7%  we  have  the  result- 
ant E  //,  which  \^>  23V  in.  long,  and  which,  therefore,  repre- 
sents 1,050  lb.  This  is  the  pressure  by  which  the  brake  band 
is  held  down  on  the  drum.  Now,  we  can  count  on  about 
40  per  cent,  coefficient  of  friction  between  a  wrought-iron 
band  and  oak  lagging,  so  our  brake  band  would  hold  about 
1,950  X  .40  =  780  lb.  The  lower  brake  band  would  hold  a  like 
amount,  making  1,500  lb.  altogether.  If  this  were  applied 
to  a  drum  8  ft.  in  diameter,  it  would  give  a  turning  moment 
of  6,240  ft. -lb.,  or  rather  the  power  to  resist  that  turning 
moment. 

This  is  not  the  limit  of  the  braking  power  of  a  man;  but, 
from  this  we  can  readily  see  that  there  are  many  drums 
working  under  such  loads  that  a  man  could  not  con- 
trol them  by  hand.  We  must,  then,  resort  to  steam,  com- 
pressed air,  or  water  under  pre^ssure.  At  first,  this  seems 
to  be  very  simple.  Referring  to  the  brake  gear  of  Fig.  908, 
it  will  be  remembered  that  we  had  a  force  of  300  lb.  along 
the  reach  rod  D  to  the  brake-lever.  Later,  when  we  used 
the  hand-lever  of  Fig.  900,  we  had  GOO  lb.  along  this  con- 
nection, but  we  saw  that  even  this  would  not  be  enough  in 
many  cases.  Suppose  that  we  wished  a  force  of  G,000  lb. 
instead  of  GOO  lb.  If  we  attach  this  connection  to  a  piston- 
rod  of  a  small  engine,  we  can  easily  get  whatever  force  we 
may  wish.  Let  us  assume  that  we  are  carrying  100  lb.  of 
steam  in  our  boilers.  This  we  can  pipe  to  the  cylinder  of 
our  small  engine,  and,  by  means  of  a  valve,  admit  it  to  the 
cylinder  whenever  we  want  it.  To  get  a  pressure  of  0,000  lb. 
from  steam  at  100  lb.  pressure,  we  would  require  0,000  -r- 
100  =  GO  square  inches  of  piston  area.  Such  a  piston  would 
be  S J  inches  in  diameter.  Our  arrangement  would  then  be  as 
shown  in  Fig.  911.     The  hand-lever  yi,  through  its  connec- 
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tion,  opens  the  steam-valve  v  on  the  cylinder.  This  admits 
steam  to  the  front  end  ^,  which  drives  the  piston  back,  and 
so  puts  on  the  brake.  The  mechanism  and  its  operation 
would  be  practically  the  same  for  either  steam,  compressed 
air,  or  water  under  pressure;  and  so  far  the  arrangement 
is  satisfactory.  But  when  we  come  to  use  such  a  brake  as 
this,  we  find  that  the  action  of  steam  or  any  other  medium 
under  such  a  pressure  is  so  rapid  that  the  brake  is  applied 
with  its  full  force  almost  instantaneously.  This  subjects 
the  various  parts  of  the  plant  to  very  severe  strains,  which 
are  objectionable.  In  fact,  it  is  not  permissible.  One 
scheme  to  modify  this  action  which  has  been  used  success- 
fully is  the  use  of  the  steam-valve  that  requires  a  long  travel 
to  give  it  a  full  opening.  Such  a  valve  can  be  opened  a 
little,  so  as  to  allow  the  steam  to  leak  through,  and  thereby 
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Fig.  911. 

increase  the  pressure  in  the  cylinder  gradually.  If  such  a 
valve,  for  the  inlet  of  steam,  is  coupled  to  another  working 
in  the  opposite  direction  for  the  outlet  of  steam,  the  opera- 
tion is  very  successful.  With  this  arrangement,  as  the  inlet 
valve  begins  to  open,  the  outlet  valve  begins  to  close.  At 
first,  this  will  simply  pass  a  little  steam  through  the  cylinder 
without  allowing  any  pressure  to  accumulate  there.  As  the 
valves  move  farther,  the  amount  of  steam  admitted  in- 
creases, while  the  size  of  the  outlet  decreases,  and  as  a  con- 
sequence a  pressure  forms  in  the  cylinder.  This  action 
continues  until,  when  the  inlet  valve  is  full  open  and  the 
outlet  valve  is  entirely  shut,  the  full  pressure  of  steani  is  in 
the  cylinder  and  the  brake  is  full  on.  By  reversing  the 
motion  of  the  valves  the  brake  com^s  off, 
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CLUTCHES. 

2617.  In  most  hoisting  plants  there  is  no  need  of  a 
clutch,  because  the  motor  is  geared  directly  to  the  drum 
and  operates  only  when  it  is  necessary  to  make  a  hoist. 
Sometimes,  however,  several  drums  are  operated  by  one 
motor  or  engine;  it  then  becomes  necessary  to  have  a  clutch 
fastened  to  the  motor,  by  which  it  can  take  hold  of  the  drum 
at  any  time.  This  principle  of  operation  has  been  adopted 
in  some  very  extensive  hoisting  plants  in  the  copper  regions 
of  Lake  Superior.     The  engine  runs  continuously  and  drives 
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a  clutch  wheel  on  each  drum.  These  clutch  wheels  are 
virtually  strap  brakes  mounted  on  revolving  wheels  instead 
of  on  a  steady  foundation,  as  usual,  and  when  they  take 
hold  of  their  drums  they  carry  them  around  with  them. 
The  principle  of  these  is  illustrated  in  Fig.  912.  There  is  a 
spur-wheel  A,  which  is  driven  continuously  by  the  engine 
through  a  spur  pinion,  not  shown  in  the  figure.  This  spur- 
wheel  is  mounted  on  a  shaft  which  carries  the  gear  around 
with  it. 

The  shaft  rests  in  two  bearings,  one  next  to  the  wheel,  as 
shown  at  a,  and  the  other  at  the  other  side  of  the  drum. 
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Part  of  the  drum  is  shown  in  the  left-hand  view,  but  is  re- 
moved in  the  right-hand  view  in  order  to  show  the  clutch 
more  clearly.  In  the  drum  shaft  there  is  a  hole  extending 
from  one  end  through  the  center  to  the  middle  of  the  clutch 
wheel,  and  then  out  to  the  surface,  as  shown  at  B,  From 
the  ^nd  of  the  shaft  this  hole  is  connected  by  piping  to  a 
hydraulic  valve  operated  by  the  brakcman^  so  that  he  can 
at  will  admit  water  or  oil  under  pressure  into  it.  The  water 
comes  out  of  the  shaft  into  a  recess  in  the  hub  of  the  clutch 
wheel,  and  from  there  is  piped  by  b  to  the  upper  end  of  a 
small  cylinder  shown  at  C,  Here  it  forces  the  piston  down, 
or  rather  towards  the  center  of  the  wheel,  for  it  must,  of 
course,  operate  irrespective  of  the  position  of  the  wheel ;  the 
piston  carries  with  it  one  end  of  the  bell-crank  D,  To  the 
other  end  of  this  bell-crank  is  attached  one  end  of  the  clutch 
band,  the  center  c  of  the  crank  being  carried  by  a  pin  secured 
to  the  clutch  wheel.  The  other  end  d  of  the  clutch-band  is 
also  held  by  a  pin  from  the  clutch  wheel,  and  through  this 
pin  the  drum  is  driven.  As  the  piston  moves  towards  the 
center  of  the  wheel,  it  rotates  the  bell-crank,  and  through 
it  pulls  on  the  end  of  the  clutch  band.  The  other  end  being 
secured,  this  decreases  the  diameter  of  the  band  and  makes 
it  grip  the  drum,  which  is  just  inside  of  it,  and  which  must, 
therefore,  go  around  with  it.  The  direction  of  motion  is 
shown  by  the  arrow.  When  the  hoist  has  been  made,  the 
brakeman,  by  closing  his  valve,  removes  the  pressure  in 
the  system  and  the  clutch  band  comes  off,  being  assisted  by 
springs.  The  drum  must  then  be  controlled  by  a  regular 
brake  taking  hold  of  its  other  end.  One  peculiarity  of  a 
drum  built  for  this  purpose  is  that  it  has  a  continuous  hub 
throughout  its  entire  length.  This  is  babbitted  like  a  jour- 
nal-box or  bearing,  and  is  supplied  with  an  oiling  device, 
because  it  revolves  on  the  shaft. 

Of  course,  when  a  hoist  is  being  made,  the  drum  is  car- 
ried around  with  the  clutch  wheel  and  shaft,  and  there  is  no 
motion  between  it  and  the  shaft;  but  after  the  hoist  has 
been  made  and  the  drum  is  standing  still  or  is  running  the 
other  way  to  lower  the  cage,  there  is  motion  between  them, 


62       HOISTING  AND  HOISTING  APPLIANCES,    g  23 

for  the  wheel  and  shaft  continue  in  the  same  direction  as 
before.  In  a  hydraulic  clutch  there  should  be  some  elastic 
body  between  the  force  that  the  brakeman  applies  and  its 
point  of  application.  A  simple  method  is  to  put  a  spring 
between  the  end  of  the  clutch  band  and  the  bell-crank  to 
which  the  clutch  band  is  attached.  The  object  is  to  prevent 
the  entire  force  of  the  grip  taking  effect  at  once. 

When  the  clutch  is  put  on,  there  is  slipping  between  it 
and  the  drum  until  the  latter  has  acquired  the  same  velocity 
as  the  former.  This  gives  time  in  which  to  overcome  the 
inertia  of  the  moving  parts.  If  the  drum  is  started  too 
suddenly,  the  strain  on  the  rope  becomes  so  enormous  that 
it  is  liable  to  break. 


H018T  INDICATORS. 

2518.  A  hoist  indicator  is  a  piece  of  mechanism  form- 
ing part  of  the  drum  gear,  designed  to  show  the  engineer 
the  position  of  the  cage  or  cages  at  every  point  during  the 
hoist.  In  some  form  or  other,  these  are  quite  generally 
used,  though  not  universally.  In  some  cases  they  are  essen- 
tial, while  in  others  they  can  be  omitted.  The  objection  to 
their  use  is  their  liability  to  get  out  of  order.  Almost 
every  piece  of  mechanism  is  liable  to  get  out  of  order,  and 
it  an  engineer  is  lelying  on  his  hoist  indicator  to  make  a 
landing,  and  it  fails  him,  there  is  likely  to  be  overwinding, 
with  possibly  very  serious  results.  If  it  is  possible,  there 
should  always  be  some  additional  way  of  locating  the  land- 
ing by  which  the  engineer  can  check  the  readings  of  his 
indicator,  and  thus  avoid  a  possible  accident.  In  some  oases, 
this  second  method  may  be  better  than  the  indicator  and 
sufficient  in  itself. 

2519*  A  very  common  and  simple  hoist  indicator  is 
made  by  inserting  a  pin  of  suitable  diameter  into  the  center 
of  the  end  of  the  drum  shaft,  and  using  this  as  a  miniature 
drum  upon  which  to  wind  and  unwind  a  chain  or  cord  cor- 
responding to  the  hoisting  rope.  This  chain  or  cord  is  then 
led  over  a  sheave  or  pulley  at  the  top  of  a  pair  of  guides 
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representing  the  hoist,  and  carries  at  its  end  a  weight, 
pointer,  or  gong,  which  serves  as  the  car  or  cage.  The  land- 
ings are  then  marked  on  the  guides,  and  the  whole  is  placed 
immediately  in  front  of  the  engineer.  If  a  gong  is  used, 
which  is  preferable,  a  pointer  may  also  be  added ;  and  the 
gong  is  so  arranged  that  it  will  be  struck  at  a  point  some 
distance  short  of  the  landing,  to  call  the  engineer's  attention. 

This  style  of  hoist  indicator  can  not,  however,  be  called 
good.  It  is  in  use  in  many  places,  partly  because  it  is  cheap, 
and  partly  because  the  men  who  do  the  hoisting  depend  upon 
a  mark  on  the  rope  and  not  upon  the  indicator. 

If  indicators  are  used,  they  should  be  trustworthy  and 
not  liable  to  derangement  from  trivial  causes.  In  other 
words,  they  should  have  a  positive  motion,  driven  by  gear- 
ing from  the  hoisting  machinery.  For  the  exact  location  of 
the  cage  at  the  top  of  the  shaft,  most  engineers  rely  upon 
the  white  marks  made  on  the  last  coil  or  coils  of  the  rope. 

This  plan  he  considers  more  accurate,  more  trustworthy, 
and  less  likely  to  lead  him  into  error  than  any  indicator 
which  can  be  constructed.  This  faith  in  the  rope  as  an 
indicator  has  spread  to  many  mining  engineers  and  super- 
intendents, so  that  we  now  find  many  large  collieries  not 
provided  with  indicators.  Although  this  use  of  the  rope  is 
good  and  should  be  adopted  wherever  possible,  as  a  second 
indicator,  to  check  the  regular  one,  we  do  not  recommend 
its  use  to  the  exclusion  of  an  indicator. 

2520.  A  very  good  indicator  with  a  positive  motion, 
and  simple  in  its  construction,  is  shown  in  Fig.  913.  It 
consists  of  a  worm  A  secured  to  the  drum  shaft  B,  engaging 
with  and  driving  a  .worm-wheel  C.  This  wheel  is  mounted 
on  a  shaft  £>,  which  is  supported  in  the  bearings  E  and  -£", 
and  carries  at  its  end  a  pointer  F.  There  is  a  dial-plate  G 
slipped  over  the  end  of  the  shaft  and  screwed  to  the  forward 
bearing.  This  is  just  behind  the  pointer,  and  the  different 
levels  are  marked  on  it,  around  its  circumference,  so  that 
when  the  pointer  indicates  any  one  of  them  it  will  mean  that 
the  cage  is  at  that  level 
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Let  us  suppose  that  we  want  an  indicator  for  a  shaft 
800  ft.  deep  from  rail  to  rail ;  that  the  drum  to  be  used  is 
10  ft.  in  diameter,  and  that  the  drum  shaft  is  10  in.  in 
diameter.  The  circumference  of  the  drum  is  31.42  ft.; 
hence,  the  revolutions  per  hoist  are  800  -f-  31.42  =  25.46  rev- 
olutions. Then,  if  we  let  the  pointer  make  one  revolution 
per  hoist,  the  ratio  of  our  gearing  will  be  25.46  to  1.  Let 
us,  however,  have  it  make  a  little  less  than  one  revolution 
per  hoist,  so  that  our  velocity  ratio  will  be  as  25  to  1 ;  then, 
we  can  use  a  single-threaded  worm,  and  our  wheel  will  have 
25  teeth.  If  we  make  the  pitch  of  the  teeth  IJ^  in.,  the  cir- 
cumference of  the  wheel  will  be  25  X  1^  in.  =  37^  in.,  and 

A 


Fig.  918. 


the  diameter  will  be  11^  in.  The  pitch  of  the  worm  screw 
will,  of  course,  be  the  same  as  that  of  the  wheel,  and  its 
diameter  will  be  whatever  is  necessary  to  give  sufficient 
strength  outside  of  the  shaft,  since  it  bears  no  relation  to 
the  velocity  ratio. 

2521.  One  fault  of  nearly  all  indicators  is  that  they 
give  a  regular  movement  throughout  the  winding,  and  the 
space  over  which  the  pointer  travels  is  too  small  to  enable 
the  engineer  to  land  the  cage  accurately.  There  are  some 
exceptions  to  this,  however,  as  indicators  have  been  made 
with  a  differential  motion  to  the  pointer,  which  was  greater 
at  the  time  of  landing  and  less  during  the  middle  of  the 
hoist.  They  have  also  been  made  with  two  pointers,  one  to 
operate  like  the  one  in  the  hoist  above  described,  and  the 
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other  to  remain  stationary  during  all  of  the  hoist  but  the  last 
few  feet,  then  to  start  and  move  all  the  way  around  its  circle 
during  those  fe\\  feet  of  the  hoist.  These  have  not  been 
adopted  to  any  extent,  however,  and  reliance  has  mostly 
been  placed  on  a  mark  on  the  rope  to  locate  the  landing 
accurately.  

ROPB  FA8TBN1NG8. 

2522.  To  fasten  the  rope  to  the  drum,  a  very  common 
practice  is  to  pass  the  rope  through  a  hole  in  the  drum  rim 
and  clamp  it  to  the  drum  shaft. 
Such  a  fastening  is  shown  at  a  in 
Fig.  914,  as  applied  to  a  wood-lagged 
drum.  Care  should  be  taken  in  such 
a  case  to  make  the  radius  of  curva- 
ture of  the  hole  at  A  as  large  as 
possible  within  the  thickness  of  the 
lagging,  so  that  the  rope  will  not  be 
bent  any  sharper  than  is  necessary. 
When  an  iron  drum  is  used,  the 
thickness  of  the  rim  does  not  afford 
enough  depth  in  which  to  bend  the  ^^°  ^^^• 

rope,  and  it  is  necessary  to  build  in  a  pocket  for  the  purpose, 
as  shown  at  b  in  the  figure. 


ROPES. 

2523.  Round  wire  ropes  have  already  been  considered 
in  Mine  Haulage,  and  as,  in  hoisting,  fiat  and  tapered  wire 
ropes  are  also  used,  we  will  only  consider  these  here.  In 
the  use  of  ropes  we  have  also  to  consider'certain  details,  as 
follows:  Rope-ends;  Detachirig Hooks ;   Tail-Ropes. 

2524*  Iron  or  Steel  Ropes. — As  a  choice  between 
iron  and  steel  for  ropes,  steel  is  the  better.  In  the  first 
place,  a  steel  rope  is  lighter  than  an  iron  rope  of  the  same 
strength,  and,  consequently,  makes  less  weight  to  be  handled 
during  the  hoisting.  Weight  here  is  objectionable  because 
it  is  a  part  of  the  moving  mass,  and,  therefore,  requires 
power  to  put  it  into  motion  and  to  stop  it  again.     It  is  also 
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objectionable  because  it  requires  stronger  sheaves  in  the 
head-gear  and  drums  in  the  engine-house  and  larger  shafts 
and  bearings  wherever  it  is  carried. 

In  the  second  place,  a  steel  rope  is  smaller  than  an  iron 
rope  of  the  same  strength,  and,  therefore,  can  pass  around 
smaller  drums  and  sheaves  than  the  iron  rope. 

To  illustrate  these  ideas,  suppose  we  have  a  vertical  shaft 
1,800  ft.  deep,  and  are  required  to  lift  at  the  end  of  the  rope 
10,000  lb.  Now,  a  wrought-iron  rope  1^-  in.  in  diameter 
weighs  3.65  lb.  per  foot;  hence,  1,800  ft.  of  it  would  weigh 
1,800  X  3.(55,  or  6,570  lb.  This,  of  course,  must  be  added 
to  the  load  to  be  lifted  to  get  the  total  load  on  the  rope, 
which  is,  therefore,  10,000  lb.  -f  6,570  lb.  =  16,570  lb.,  or, 
say,  8J  tons.  The  breaking  strength  of  a  l^-inchi  wrought- 
iron  rope,  having  19  wires  to  a  strand,  is  39  tons,  which 
gives  a  factor  of  safety  of  39  -^  8^-  =  4.7. 

On  the  other  hand,  a  cast-steel  rope  1  in.  in  diameter, 
having  19  wires  to  the  strand,  weighs  1.58  lb.  per  foot,  or 
2,844  lb.  per  1,800  ft.,  which  would  make  the  total  load 
12,844  lb.,  or,  say,  6^  tons.  The  breaking  strength  of  a 
1-inch  cast-steel  rope,  having  19  wires  to  a  strand,  is  33  tons, 
and  this  gives  a  factor  of  safety  of  5.1,  nearly. 

For  this  case,  then,  the  wrought-iron  rope  weighs  131j< 
more  than  the  cast-steel  rope  and  gives  a  lower  factor  of 
safety.  Furthermore,  the  minimum  diameter  of  the  sheave 
or  drum  upon  which  it  would  be  safe  to  work  the  wrought- 
iron  rope  is  l.J^  X  60=  90  in.,  or  7^  ft.;  whereas  the  cast- 
steel  rope  would  work  safely  on  a  drum  or  sheave  1  X  60  = 
60  in.,  or  5  ft.  in  diameter. 

The  cast-steel  rope  which  we  have  used  here  is  not  the 
highest  grade  of  rope.  There  are  special  high-grade  ropes 
made  of  plow  steel,  which  are  considerably  stronger,  and 
a  comparison  between  them  and  the  wrought-iron  ropes 
would  show  a  still  greater  difference  in  favor  of  steel.  A 
plow-steel  rope  H  in.  in  diameter,  the  same  size  as  the  above 
wrought-iron  rope,  has  a  breaking  strength,  as  will  be  seen 
by  referring  to  Table  46,  of  110  tons,  almost  three  times  as 
much  as  the  wrought-iron  rope. 
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2525.  Round  Ropes. — Round  ropes  are  much  more 
generally  used  than  either  flat  or  tapered  ropes.  There  are 
two  kinds  of  them  manufactured,  one  being  more  pliable 
than  the  other.  The  first  of  these  contains  nineteen  wires 
in  a  strand,  and  has  six  strands  wound  around  a  hemp  cen- 
ter. These  are  generally  used  for  hoisting  and  power  trans- 
mission because  they  are  very  pliable.  The  other  kind 
contains  seven  wires  in  a  strand,  and  has  six  strands  wound 
around  a  hemp  center.  These  are  not  generally  used  for 
hoisting  because  they  are  not  pliable.  They  may  be  used, 
however,  if  necessary,  and  if  extraordinarily  large  drums 
and  head  sheaves  are  used.  When  ordering  a  rope,  the  use 
to  which  it  is  going  to  be  put  should  be  stated  to  the  maker, 
as  his  advice  on  the  subject  is  valuable.  Experience  has 
demonstrated  that  the  wear  of  a  rope  increases  with  the 
speed  at  which  it  is  worked.  It  is  therefore  advisable  to 
increase  the  load  rather  than  the  speed,  if  increased  capacity 
is  desired. 

2526.  Flat  Ropes. — Flat  ropes  are  composed  of  a 
number  of  strands,  alternately  twisted  to  the  right  and  to 
the  left,  laid  alongside  of  each  other,  and  sewed  together  with 
soft  iron  wires.  They  are  wound  upon*  the  vertical  drums, 
or  reels,  which  have  been  previously  described,  because, 
after  the  rope  has  coiled  once  around  the  drum,  it  coils  upon 
itself  and  piles  up  vertically  instead  of  spreading  out  hori- 
zontally. Such,  ropes  and  drums  are  used  at  many  mines 
in  the  western  part  of  the  United  States,  and  at  some  mines 
in  Europe,  but  they  are  practically  unknown  in  the  anthracite 
coal  regions  of  Pennsylvania. 

Many  advantages  have  been  claimed  for  them  that  have 
not  been  proved  by  actual  service.  The  counterbalancing 
action  due  to  the  rope  coiling  on  itself  is  an  advantage, 
and  if  the  diameter  of  the  drum  be  made  small  enough  a 
remarkable  uniformity  in  the  load  may  be  obtained.  When 
the  rope  is  all  out,  and  so  presents  the  greatest  resistance, 
due  to  its  weight,  it  winds  upon  a  small  diameter,  and  its 
leverage    is,   therefore,   small;    when  it  is   wound   up   and 
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parts  of  the  sleeve  clamp  the  rope.  The  objection,  how- 
ever, is  that  there  is  not  a  positive  hold  taken  of  the  rope, 
but  reliance  is  placed  on  the  friction  of  the  clamp. 

The  best  rope-end  in  use  is  a  wrought-iron  or  steel  conical 
socket,  as  shown  in  Fig.  916.     This  is  in  one  solid  piece. 

To  attach  it  to  the  rope,  the  rope  is  first 
threaded  through  from  the  small  end  and 
allowed  to  project  a  short  distance. 

The  ends  of  the  strands  are  opened  and 
bent  back  on  themselves,  part  of  each 
strand  being  cut  away.  This  makes  the 
end  of  the  rope  conical,  and  in  that  con- 
dition it  is  drawn  back  into  the  socket. 
As  an  additional  security,  a  conical  wedge 
is  often  inserted  in  the  place  originally 
occupied  by  the  hemp  core.  Except  un- 
der abnormal  conditions,  it  is  impossible 
to  draw  the  thick  end  of  the  rope  through 
the  small  end  of  the  socket  without  first 
splitting  it.  If  properly  constructed  of  suitable  material, 
such  a  thing  could  scarcely  happen.  For  very  heavy  loads, 
collars  are  shrunk  on.  At  the  point  where  the  rope  leaves 
the  capping,  the  wires  are  subjected  to  a  sharp  bending 
action,  and  often  break.  It  is,  therefore,  necessary  that 
careful  inspection  should  often  be  made  at  this  point.  A 
plan  is  adopted  at  some  collieries  of  re-capping  the  ropes  at 
regular  intervals,  whether  they  appear  to  require  it  or  not. 
In  wet  shafts  the  wires  rust  inside  of  the  capping,  and  such 
action  can  not  be  detected.  To  prevent  it,  the  capping  is 
sometimes  run  full  of  lead,  which  is  a  very  good  scheme. 


Pig.  916. 


2530.  DetachLlng  Hooks. — In  all  hoisting,  there  is 
more  or  less  danger  of  overwinding  when  the  car  is  lifted 
too  far,  and  it  is  then  dashed  more  or  less  violently  against 
some  timber  or  other  obstruction.  Various  schemes  have 
been  adopted  to  automatically  prevent  this,  chief  among 
which  are  the  detaching  hooks;  although  it  can  not  be  said 
that  any  of  them   have  been  a  decided  success.      In  the 
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United  States,  and  especially  in  the  eastern  coal  fields,  there 
is  a  strong  feeling  against  the  adoption  of  any  such  device. 
It  is  held  that  they  inspire  the  engineer  with  a  misleading 
feeling  of  security ;  that  they  are  more  or  less  complicated 
in  construction,  and  so  need  care,  and  destroy  the  simplicity 
of  the  plant;  that  they  may  be  the  direct  cause  of  accident 
by  introducing  new  elements  of  danger;  that  they  add  to 
the  cost,  and  that  they  are  not  thoroughly  reliable. 

Again,  it  is  held  that  the  surest  prevention  of  overwind- 
ing is  obtained  by  the  employment  of  a  sober,  reliable,  and 
competent  engineer,  who  is  held  personally  responsible  for 
overwinding  accidents;  by  having  a  good  brake  and  an 
engine  thoroughly  under  the  control  of  the  engineer;  by  a 
reliable  method  of  indicating  the  position  of  the  cage, 
whether  by  hoist  indicator,  by  mark  on  the  rope,  or  by  both, 
and  by  giving  sufficient  height  to  head  sheaves  to  allow  of 
considerable  hoisting  over  and  above  that  necessary  for 
landing. 

2531.  In  England,  detaching  hooks  are  used  quite 
generally.  They  were  originally  of  two  kinds:  those  which 
simply  detached  the  rope,  and  those  which  at  the  same  time 
prevented  the  cage  from  falling;  but,  since  additional  means 
had  to  be  provided  in  the  former  case  for  holding  the  cage, 
they  have  given  way  to  the  latter  kind.  There  are  several 
such  hooks  to  be  had,  which  differ  from  each  other  only  in 
the  smaller  details.  In  all  of  them,  detachment  is  effected 
by  passing  the  rope  through  a  circular  hole  in  an  iron  plate, 
or  through  an  iron  cylinder,  the  size  of  which  is  sufficient  to 
allow  a  portion  of  the  hooks  to  pass  through  in  its  working 
state,  but  not  to  allow  it  to  fall  back  again  when  disengage- 
ment has  taken  place.     Such  a  hook  is  shown  in  Fig.  917.     . 

It  consists  of  two  outside  fixed  plates  A  and  A^  enclosing 
between  them  two  inner  movable  ones  B  and  />,  which  can 
oscillate  about  a  strong  pin  C  passing  through  both  plates 
and  framework.  The  upper  ends  of  plates  A  and  A  are 
made  of  uniform  width,  somewhat  less  than  the  diameter  of 
the  hole  in  the  disengaging  plate ;  but  near  the  bottom  there 
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are  two  projections  I)  and  /),  to  prevent  the  hook  from  pas^ 
ing  entirely  through  the  hole.  The  winding-rope  is  attached 
to  the  top  shackle  £".  and  the  cage  to  the  lower  one  J^. 
When  the  two  movable  plates  are  placed  on  the  central  bolt, 
their  upper  parts  close  in  opposite  directions  upon  the  pin 
of  the  shackle  and  entirely  overlap  it.  In  this  position,  they 
are  secured  by  a  copper  pin  G.     In  case  of  overwinding, 


Fic.  «T. 

when  the  hook  passes  into  the  hole  of  the  disengaging  plate 
//,  the  two  projections  on  plates  /?  and  B,  shown  at  A"  and 
A",  are  forced  inwards,  turning  the  plates  about  the  central 
bolt  C.  This  shears  the  copper  pin  G  and  at  the  same  time 
releases  the  shackle  /;".  The  inner  plates  are  then  in  such  a 
position  that  the  projections  on  them  at  L  and  L  can  not 
pass  down  through  the  hole  again.  The  cage  then  hangs  by 
the  hooks  to  the  disengaging  plate,  and  the  rope  goes  on  to 
the  drum  until  it  stops  winding.     An  objection  that  can  be 
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raised  against  this  hook  is  that,  being  constructed  of  plates, 
there  is  considerable  surface  in  contact  between  the  moving 
parts,  and  unless  they  are  regularly  taken  apart  and  oiled, 
there  is  danger  of  their  rusting  firmly  together. 

2532.  Tall-Ropea. — When  cylindrical  drums  are  used 
for  hoisting,  perfect  counterbalancing  of  the  weight  of  the 
rope  can  be  secured  by  several  methods;  but  they  have  all 


given  way  to  the  endless-rope  system,  for  it  has  proved 
preferable  to  all  others.  It  consists  in  attaching  to  the  un- 
der side  of  one  of  the  cages  a  tail-rope  equal  in  size  to  the 
hoisting  rope;  and  after  running  it  down  the  shaft  into  the 
sump,  where  it  forms  a  semicircle,  returning  it  up,  and  at- 
taching it  to  the  under  side  of  the  other  cage.     Such  an 
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arrangement  is  shown  in  Fig.  918.  When  this  system  was 
first  introduced,  it  was  thought  that  a  pulley,  or  sheave, 
must  always  be  placed  in  the  sump  for  the  tail-rope  to  pass 
around,  the  sheave  being  free  to  move  up  and  down  with 
any  change  of  length  of  the  rope,  but  secured  against  any 
other  motion.  The  sheave  shaft  rotated  in  bearings  ar- 
ranged to  move  up  and  down  in  vertical  guides,  and  the 
weight  of  the  whole  affair  was  carried  on  the  rope.  In  many 
cases,  however,  no  such  pulley  is  used.  All  that  has  been 
done  to  keep  the  tail-rope  from  twisting  is  to  fix  two  beams, 
side  by  side  across  the  shaft  in  the  sump,  between  which 
the  tail-rope  passes,  and  another  one  below  this  in  the  oppo- 
site direction  passing  through  the  loop  in  the  rope.  This 
«  gj  t.  arrangement  is  shown  in  Fig. 

g  ^  E  919.     It  is,  perhaps,  preferable 

P  ^  P  *°   "^^  ^  guide-pulley   in    the 

pi  P  sump,  as  old  winding-ropes  can 

P  •!  p  then    be   used.      Otherwise,    a 

^^  ^   special  rope  has  to  be  employed, 

Fio  9IB  as    old    winding-ropes    are  not 

sufficiently  flexible  to  run  around  such  a  loop  without 
the  assistance  of  a  pulley.  The  tail-rope  is  connected  to  the 
bottom  of  the  cage  by  any  ordinary  capping,  with  a  bolt 
passing  through  it,  and  a  cross-piece  of  the  cage.  By  this 
system,  perfect  counterbalancing  is  obtained,  as  a  factor  is 
introduced  which  is  equal  and  opposite  to  the  hoisting  rope. 
An  objection  to  its  use  lies  in  the  fact  that  a  greater  weight 
is  put  upon  the  capping  of  the  hoisting  rope,  which  is  liable 
to  be  a  weak  part  of  the  apparatus.  Great  care  should, 
therefore,  be  taken  to  see  that  the  capping  is  as  strong  or  a 
little  stronger  than  the  rope  itself.  The  load  on  the  head 
sheaves  is  no  m<jre  than  the  maximum  load  without  the 
tail-rope;  but  it  is  a  uniform  load,  and,  therefore,  possibly 
preferable. 

The  power  of  the  motor  need  not  be  so  great  when  a  tail- 
rope  is  used  as  when  no  tail-rope  is  used,  because  it  does  not 
have  to  lift  the  weight  of  the  hoisting  rope  hanging  in  the 
shaft,  this  being  balanced  by  the  tail-rope;  but,  on  the  other 
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hand,  the  inertia  of  the  moving  parts  is  greater,  due  to  the 
mass  in  the  tail-rope. 

Sometimes  difficulties  arise  from  the  fact  that  the  vertical 
center  lines  of  the  two  cages  are  very  near  together,  and 
that,  therefore,  the  sheave  that  can  be  used  in  the  sump  to 
guide  the  tail-rope  is  of  too  small  a  diameter.  To  obviate 
this  difficulty  a  chain  is  sometimes  used  instead  of  a  rope. 

CARS. 

2533.  We  use  the  term  car  here  in  its  broadest  sense, 
covering  whatever  is  on  the  end  of  the  rope.  In  practice, 
however,  the  term  used  in  that  way  would  not  be  definite 
enough.  In  studying  the  different  styles,  we  will  do  so  un- 
der their  specific  names,  that  is  to  say:  Buckets;  Cross- 
heads;  Cars;  Cages;  Gunboats,  or  Skips. 

BUCKETS. 

2534.  The  simplest  sort  of  a  car  for  hoisting  material 
from  a  mine  is  what  is  generally  called  a  bucket.  It  is 
used   to  a    great   extent,  both   in    small 

operations  permanently  and  in  large 
operations  for  sinking  purposes.  Fig. 
920  represents  such  a  bucket.  They  are 
usually  made  of  boiler-iron,  about  three 
feet  in  diameter  at  the  top,  two  feet  six 
inches  in  diameter  at  the  bottom,  and  of 
about  the  same  depth.  They  are  sus- 
pended by  a  handle,  pivoted  slightly 
below  the  center  of  gravity,  and  are 
locked  in  an  upright  position  by  loose 
rings  on  the  handle  which  slip  over  pins  P'"-  "^ 

on  the  rim  of  the  bucket,  as  shown  in  the  figure.  When  the 
hoist  has  been  made  and  it  is  desired  to  empty  the  bucket, 
this  ring  is  lifted  up  so  as  to  release  the  bucket  at  the  top, 
when  it  will  upset  of  itself.  It  is  well  to  use  two  such  buckets 
for  regular  service,  so  that  one  can  be  left  at  the  bottom  to 
be  filled  while  the  other  is  hoisted  with  its  load.     This  saves 
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the  time  occupied  in  the  filling,  but  it  necessitates  an  at- 
tachment to  the  rope  that  is  quickly  made  and  unmade, 
•  while  it  is  yet  entirely  secure.     A  spring  hook  is 
used  for  this  purpose,  such  as  shown  in  Fig.  921. 
Sometimes  the  bucket  is  suspended  from  a  ring 
by  three  chains,  instead  of  the  handle  shown,  and 
in  that  case  the  loaded  bucket  at  the  top  is  replaced 
by  an  empty  one,  the  loaded  bucket  being  taken 
away  to  be  emptied. 


Pig.  921. 


2635.  In  cases  where  the  shaft  is  sunk  to  a 
considerable  depth,  and  there  is  a  likelihood  of 
the  bucket  swinging  about  in  the  shaft,  a  croifts-head 
is  used  to  guide  it.  This  is  simply  a  frame,  usually  of 
wrought  iron,  fitted  to  run  up  and  down  on  the  guides, 
and  arranged  to  take  hold  of  the  end  of  the  rope  just 
above  the  bucket.  Such  a  cross-head  is  shown  in  Fig. 
922,  in  which  a  is  a,  side  elevation,  d  a  plan  of  the  lower 
cross-piece,  and  c  a   plan 


of  the  upper  cross-piece. 
The  guides  are  shown  at 
A  and  A.  The  cross- 
head  consists  of  an  upper 
cross-piece  B  and  a  lower 
cross-piece  C^  tied  to  each 
other  by  the  angle-irons 
D  and  /i".  At  each  end  of 
each  cross-pi^ce  there  is 
a  shoe  which  fits  over  the 
guide  easily,  so  that  it  can 
slide  up  and  down.  These 
four  shoes,  therefore,  con- 
trol the  motion  of  the 
cross-head.  The  upper 
cross-piece  is  a  vertical 
plate  fastened  to  the  shoes 
by  angle-irons,  and  bent 
in  the  middle  to  clear  the 
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rope.  It  is  stiffened  transversely  by  angle-irons  along  its  lower 
edge,  but  thesfe  do  not  pass  the  center  because  of  the  offset  for 
the  rope.  To  stiffen  it  here,  a  horizontal  plate  is  riveted  to  the 
under  side  of  the  angle-irons,  as  shown  at  F  in  the  plan  c. 
The  lower  cross-piece,  likewise,  is  a  vertical  plate,  fastened 
to  the  shoes  and  stiffened  in  the  same  manner  as  the  upper 
cross-piece.  At  the  middle,  however,  it  is  bent  out  into  a 
semicircle  of  considerable  size,  and  to  it  is  bolted  another 
plate  or  strap,  also  bent  into  a  semicircle. 
This  forms  a  ring,  into  which  is  placed  the 
box-,  shown  in  Fig.  923  to  a  larger  scale. 
The  box  has  flanges  outside  and  inside,  top 
and  bottom.  Its  diameter  ^.is  the  same 
as  the  inside  diameter -of  the  ring  of  the 
lower  cross-piece,  and  the  distance  B  be- 
tween its  outside  flanges  is  the  same  as 
the  depth  of  the  cross-piece.  In  other  8^  |],, 
words,  it  is  made  to  fit  the  ring,  and  becomes  I  iM 
a  part  of  the  cross-head  when  in  place,  with  "^ 
the  strap  bolted  over  it.     It  is  lined  with  fig.  ara. 

wood,  and  both  it  and  the  wooden  lining  are  in  halves,  so  as 
to  get  them  over  the  rope.  The  rope  has  a  cone  on  its  end — 
sometimes  the  rope-socket  is  made  to  answer  this  purpose — 
and  this  cone  fits  in  the  conical  hole  in  the  wooden  lining. 

The  cross-head  then  rests  on  this  cone  and  is  carried  up 
and  down  by  the  rope,  which  it  in  turn  guides  and  steadies. 
In  sinking,  there  is  always  more  or  less  distance  from  where 
the  guides  end  down  to  where  the  loose  rock  is.  Stops  are, 
therefore,  put  on  the  ends  of  the  guides  to  take  the  cross- 
head  when  it  comes  down,  and  to  allow  the  bucket  to  go  on 
to  the  bottom.  When  the  bucket  comes  up  again,  the  cross- 
head  is  picked  up  and  carried  to  the  top,  during  which  time 
it  keeps  the  bucket  from  swinging  about. 


2536.  Occasionally,  when  the  hoistway  from  the  mine  is 
a  slope,  and  especially  when  it  approaches  the  horizontal, 
the  ordinary  mine-cars  are  used  to  convey  the  material 
to  the  surface.     They  need  not  differ,  however,  from  the 
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ordinary  car  because  of  this  service,  and  we  will,  therefore, 
not  take  them  up  here.  They  are  not  essentially  a  part  of 
the  hoisting  plant,  and  so  do  not  enter  our  present  studies. 


CAGES. 

2637«  The  surface  conditions  of  a  hoisting  plant  are 
often  SHch  as  to  necessitate  the  carrying  of  the  material 
some  distance  from  the  mouth  of  the  hoistway.  It  is  then 
advisable  to  bring  the  mine-cars  to  the  surface  with  their 
contents,  in  order  to  avoid  the  unloading  and  reloading  of 
the  material;  and  this,  too,  when  the  hoistway  is  a  vertical 
shaft  or  a  slope  that  is  too  steep  to  run  the  mine-cars  on. 
In  such  a  case  an  auxiliary  car  is  used  to  carry  the  miiie- 
cars;  and  this  auxiliary  car  is  known  as  a  case,  whether  it 
is  for  a  slope  or  a  shaft. 

When  the  inclination  of  the  slope  exceeds  35°,  the  cars  are 
usually  raised  on  cages,  because  the  material  will  not  stay 
in  them  on  steeper  pitches.  These  cages  are  sometimes 
built  to  run  on  a  slope-track  as  arranged  for  mine-cars,  but, 
to  insure  stability,  they  are  generally  of  a  broader  gauge. 
The  head-room  necessary  is  governed  not  so  much  by  the 
form  of  cage  as  by  the  length  of  the  car  and  the  inclination 
of  the  seam.  This  height  is  less  when  the  cars  are  placed 
on  the  cage  with  their  length  across  the  slope  than  when 
they  are  run  on  lengthwise;  but  as  this  arrangement  in- 
creases the  width  of  the  slope,  it  is  not  always  an  improve- 
ment on  the  other  method.  When  the  inclination  of  the 
vein  is  very  steep,  the  wheels  are  sometimes  placed  on  the 
sides  of  the  cage  and  above  the  center  of  gravity,  and  are 
run  on  tracks  or  guides  supported  by  timbers  on  each  side  of 
the  slope.  Such  slopes  resemble  shafts  in  many  particulars, 
and  in  metalliferous  mining  districts  would  be  so  described. 

2538.  The  cage  shown  in  Fig.  924  is  a  good  stiff  cage 
built  of  wood,  simple  of  construction  and  easy  to  repair. 
Its  details  will  be  readily  understood  from  the  illustration, 
except,  perhaps,  the  device  for  locking  the  car  to  prevent  its 
running  off  during  the  hoist.     The  platform  A  having  a 
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piece  of  the  car  track  on  it,  may  move  vertically  up  or 
down.  As  shown  in  the  side  elevation,  it  is  resting  on  the 
horizontal  timbers  B  oi  the  cage  in  a  position  ready  for 
hoisting.  At  the  end  of  the  hoist,  when  the  cage  settles 
upon  the  keeps  C  and  C,  shown  in  the  end  elevation,  this 
platform  reaches  them  first  and  is  supported  by  them  while 
the  rest  of  the  cage  descends  still  farther,  until  the  timbers 
D  and  D  rest  upon  the  keeps  also.     The  track  on  the  plat- 


form A  is  then  at  the  same  level  as  that  on  D,  and  the  car 
can  be  run  off  and  replaced  by  another.  When  the  new  car 
is  on  and  we  are  ready  to  make  another  trip,  the  cage  is 
lifted  from  the  keeps,  but  the  platform  remains  until  the 
timbers  £  and  B  of  the  cage  come  up  and  pick  it  up.  Then 
the  keeps  are  swung  back  out  of  the  way,  and  the  descent  is 
made.  Keeps  for  such  a  purpose  must  be  part  of  every 
cage,  whether  for  slope  or  shaft. 

2539.      Fig.  925  shows  a  shaft  cage  of   modern  con- 
struction built  of  wood.     Besides  the  cage  proper,  it  shows 
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several  appliances  that  should  be  common  to  ail  cages  in 
some  form  or  other.  In  the  first  place,  there  is  a  covering 
A  and  A  at  the  top,  called  a  canopy,  or  bonnet,  to  pro- 
tect any  person  on  the  cage  from  objects  failing  down  the 
shaft.     This  is  shown  as  made  of  heavy  wrought-iron  plate. 


with  flanges  or  angle-irons  to  stiffen  it.  Sometimes  plank' 
ing  is  used  for  this  purpose.  These  canopies  are  required 
by  law  in  the  State  of  Pennsylvania.  They  are  usually  in- 
clined, so  that  objects  falling  upon  them  will  slide  down  and 
drop  upon  the  cage.     To  prevent  objects  of  moderate  §(?e 
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from  wedging  between  the  edge  of  the  canopy  and  the  shaft 
lining,  they  are  usually  made  shorter  than  the  cage,  so  that 
a  space  of  about  a  foot  is  left  between  the  lower  edge  of  the 
canopy  and  the  shaft  lining  or  buntons.  One  part  of  the 
canopy,  as  -^,  is  fastened  to  the  cage  by  two  hinges  and  held 
up  by  two  rods  B  and  B^  which  have  sockets  at  their  lower 
ends,  and  which  fit  over  pieces  bolted  to  the  uprights  of  the 
cage.  This  is  done  so  that  long  timbers  for  props  and  other 
purposes  may  be  lowered  on  the  cage  very  readily. 

2540«  Besides  the  canopy,  as  shown  in  the  figure,  there 
are  also  safe ty-catc ties,  consisting  of  a  pair  of  toothed 
cams  b  and  ^,  located  on  either  side  of  the  cage,  near  the 
guides,  and  arranged  to  be  thrown  in  against  the  guides  by 
the  spring  (T,  in  case  the  rope  breaks. 

The  law  of  the  State  of  Pennsylvania  requires  an  im- 
proved safety-catch  on  every  carriage  used  for  lowering  or 
hoisting  persons. 

In  Fig.  926  the  safety-catches  are  shown  to  a  larger  scale. 
The  upper  head-piece,  or  cross-piece,  of  the  cage  is  shown 
at  A.  The  draw-bar  i>,  to  which  the  rope  is  attached,  runs 
through  this  and  extends  far  enough  down  to  carry  a  plate  C 
with  a  spring  between  it  and  the  head-piece.  The  v/eight 
of  the  cage,  therefore,  is  carried  by  the  head-piece  through 
the  spring  on  the  plate  C  The  spring  shown  in  the  figure 
consists  of  three  pieces  of  rubber  with  cast-iron  plates  in 
between  them,  to  guide  them  and  help  them  keep  their  form 
underpressure.  Rubber  springs,  however,  are  not  essential. 
In  this  same  design  of  safety-catch,  a  helical  steel  spring 
could  be  used  instead  of  the  rubber;  or,  with  a  little 
different  design,  a  flat  steel  spring  could  be  used.  Around 
the  spring  is  shown  a  cylinder  D^  which  serves  two  purposes:' 
it  protects  the  spring  from  the  moisture  in  the  shaft  and 
also  serves  as  a  guide  to  the  plate  Cby  being  cut  away  to  re- 
ceive it  at  E  and  E,  To  the  plate  C  are  attached  links 
/%  Fy  which  in  turn  take  hold  of  the  levers  C,  G.  A 
plan  of  one  of  these  levers  is  shown  at  //.  From  the  outer 
ends  of  the  levers,  connections  A^,  K  extend  down  to  and 
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are  attached  to  the  eccentric-shaped  toothed  brass  cams,  or 
<Jogs,  /,  /. 

Let  us  now  follow  out  the  action  that  takes  place  from 
the  draw-bar  to  the  cams  at  the  left.  The  draw-bar  is 
shown  in  its  lower  position,  being  pushed  down  by  the  rub- 
ber spring  and  not  held  up  by  the  pull  of  the  rope.  It  has 
carried  down  with  it  the  plate  C,  the  links  i^and  F,  and  the 
inner  ends  of  the  levers  G  and  C.  The  outer  ends  of  the 
levers  are,  therefore,  in  their  upper  position,  as  are  also  the 
connections  A*  and  K;  and  this  puts  the  cams,  or  dogs,  into 


such  a  position  that  their  first  teeth  will  engage  with  the 
guides.  The  instant  this  occurs,  if  the  cage  is  falling,  the 
cams  will  be  carried  around,  digging  their  teeth  deeper  and 
deeper  into  the  guides,  and  thereby  stopping  its  fall.  The 
cams  are  provided  with  a  projection  a,  which  strikes  the 
guides  and  prevents  them  from  turning  all  around. 

When  the  cage  is  picked  up  by  the  rope,  the  spring  on  the 
draw-bar  is  compressed,  allowing  the  draw-bar  to  take  its 
upper  position  as  shown  by  the  dotted  circles.  This  carries 
Up  the  plate  C,  the  links  F  and  F,  the  inner  ends  of  the 
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levers  G  and  G^  and  causes  the  outer  ends  of  the  levers  and 
their  connections  K  and  K  to  move  down,  thus  rotating  the 
cams  away  from  the  guides.  This  position  of  the  cams  is 
shown  at  L, 

Some  engineers  prefer  placing  the  cams,  or  dogs,  nearly 
opposite  the  cage  platform,  while  others  place  them  near  the 
top  of  the  cage.  The  latter  arrangement  seems  preferable, 
because  it  simplifies  the  construction. 

2541.  One  of  the  chief  difficulties  that  has  been  experi- 
enced in  the  use  of  safety-catches  is  their  tendency  to  be 
thrown  into  action  by  any  sharp  jars  or  shocks  to  which  the 
cages  may  be  subjected,  by  the  sudden  stopping  of  the 
engine  or  by  the  landing  of  the  cage  at  the  top  or  bottom. 
But  accidents  from  this  cause  are  now  extremely  rare ;  and 
if  proper  care  is  taken  in  adjusting  the  springs  and  catches, 
there  seems  to  be  no  reason  why  any  such  difficulty  should 
occur.  Practical  tests  of  the  catches  in  use,  made  by  hang- 
ing the  cage  and  allowing  it  to  drop,  show  that  they  are,  as 
a  rule,  very  efficient  devices.  The  cams  usually  take  hold 
at  once,  the  cage  dropping  only  a  few  inches,  or,  at  most,  a 
few  feet.  When  the  guides  are  very  greasy  or  wet,  the  trial 
tests  are  sometimes  not  so  satisfactory,  and  the  cage  may 
drop  several  feet  before  the  cams  take  a  firm  hold  and  stop 
it.  The  results  are  still  less  satisfactory  when  the  guides 
are  covered  with  ice ;  but  even  in  this  latter  case,  the  cage 
sometimes  drops  less  than  one  foot. 

Fortunately  for  the  utility  of  safety-catches,  ropes  are 
usually  broken  while  a  loaded  cage  is  being  raised,  and  the 
cage  has  an  upward  momentum;  if  a  rope  breaks  on  the 
empty  side,  and  when  the  cage  is  rapidly  descending,  at  a 
speed,  say,  of  30  ft.  or  40  ft.  a  second,  its  momentum  is  so 
great  that  either  the  catches  must  break  or  the  cage  or 
guides  and  shaft  lining  will  be  torn  to  pieces.  The  catches 
generally  hold,  and  either  the  guides  or  cage  suffer  more  or 
less  injury  under  such  circumstances.  In  experimental 
tests,  with  ice-covered  guides,  the  cage  has  been  known  to 
fall  eight  to  fifteen  feet  before  the  cams  plowed  their  way 
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through  the  ice  and  took  firm  hold  of  the  guides;  but  the 
momentum  the  cage  acquired  was  so  great  that  the  guides 
were  destroyed. 

2542*  Both  of  the  cages  already  illustrated  are  built 
principally  of  wood.  This  is  not  the  universal  practice,  for 
iron  and  steel   cages  are  also   largely  used.      In  Fig.  927 


is  shown  an  iron  cage  which  also  illustrates  another  feature; 
that  is,  its  ability  to  dump.  The  figure  shows  the  cage 
partly  dumped.  The  mine-cars  are  run  on  to  this  cage  at 
the  bottom,  just  as  they  arc  on  any  rage,  except  that  they 
are  more  thoroughly  secured,  and  are  hoisted  into  the  head- 
house  and  dumped  while  still  on  the  cage.     As  will  be  seen, 
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the  cage  consists  of  two  parts.  The  first,  a  frame  A  made 
up  of  the  upper  cross-piece,  to  which  the  rope  is  fastened, 
two  guide  pieces,  and  a  distance-piece  at  the  lower  end ;  the 
second,  the  cage  B  which  rests  upon  trunnions  secured  to 
the  frame  A.  The  uprights  of  the  cage  carry  dumping 
wheels  a  on  each  side,  which  run  in  special  tracks  b  made 
for  them  in  the  head-frame,  and  so  turn  the  platform  of  the 
cage  over  to  the  dumping  angle.  The  use  of  dumping 
cages  is  principally  limited  to  cages  used  for  simply  raising 
mine-cars  from  the  surface  to  the  top  of  the  breaker. 

Few  engineers  consider  the  use  of  dumping  cages  fox 
winding  shafts  advisable  or  even  allowable.  They  are,  at 
best,  cumbersome,  more  or  less  complicated,  and,  conse- 
quently, liable  to  accident. 


GUNBOATS,    OR   SKIPS. 

2643.  Gunboats,  or  skips,  are  self-dumping  cars  used 
for  hoisting  in  a  slope.  They  are  usually  built  of  boiler- 
iron,  although  sometimes  of  wood,  and  are  generally  large 
enough  to  hold  several  mine-carloads;  that  is,  they  often 
carry  four  to  five  tons  of  coal.  A  scheme  peculiar  to 
gunboats  is  to  have  the  wheels  fixed  upon  the  axles  and 
the  axles  seated  in  pedestals.  This  insures  smoother  run- 
ning than  is  obtained  with  loose  wheels,  but  the  pedestals 
are  so  located  that  they  are  not  readily  accessible  for 
lubrication. 

2544*  Fig.  928  represents  a  modern  gunboat,  closed 
along  the  top  a  and  open  at  the  end  b,  which  is  cut  about 
the  angle  of  the  slope  in  which  it  is  to  be  used.  It 
will  be  noticed  that  the  bottom,  sides,  and  top  are  stiffened 
by  angle  or  tee  irons,  and  the  back  is  stiffened  and  pro- 
tected by  3-inch  planks,  backed  by  3  in.  X  6  in.  timbers. 
The  details  of  the  pedestal  bearings  are  shown  in  Fig. 
929.  They  consist  of  three  castings:  the  pedestal,  or 
bracket,  ^,  which  is  bolted  or  riveted  to  the  gunboat;  a 
pivot  casting   ^,    and  the   bearing  proper  c.     The  bearing 
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rests  upon  the  axle  and  carries,  by  means  of  trunnions  d, 
the    pivot  casting   b,  on    the   top   of    which    i»    placed    a 


Pia.  MS. 

rubber  cushion  e  to  lessen  the  shocks  between  it  and  the 
bracket. 

The  manner  of 
dumping  a  gunboat 
is  explained  under 
the   head  of  dumps. 

One  objection  that 
has  been  claimed 
against  the  use  of 
gunboats  is  that, 
with  coal,  the  dump- 
ing of  the  coal  from 
the  mine-cars  into 
the  gunboats  causes 
more   breakage  and. 
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therefore,  more  culm.      This,  of  course,  would  not  affect 
their  use  at  any  of  the 
metal  mines. 

They  have  the  advan- 
tage of  being  attached  to 
tiie  rope  all  the  time,  thus 
saving  the  time  neces- 
sary to  hook  and  unhook 
the  mine -cars. 

2545.  Fig.  9  30 
shows  a  gunboat  a  in  a 

slope,  and   standing  im- 
mediately below  a   level 

where   there   is  a   car  b  i^g-  '«'■ 

ready   to   have    its   load  dumped   into   the  gunboat 


ROPE  CARRIERS. 


INTRODUCTION. 

2546>  In  a  hoisting  arrangement  of  the  utmost  sim- 
plicity, such  as  we  would  have  if  we  used  a  windlass,  like 
that  shown  in  Fig.  888,  placed  directly  over  the  hoistway, 
there  would  be  no  necessity  for  a  rope  carrier,  for  the  rope 
couid  hang  from  the  drum  naturally.  If,  however,  the  drum 
had  to  be  of  a  considerable  length,  or  the  winding  edge  of  it 
had  to  be  located  anywhere  but  over  the  center  of  the  hoist- 
way,  we  would  find  it  necessary  to  use  rope  carriers  to 
guide  and  control  the  rope  in  its  passage  from  the  drum  to 
this  center  line.  This  is  the  case  in  all  hoists  except  the 
smallest  and  most  primitive.  In  many  cases  the  rope  car- 
riers of  a  hoisting  plant  require  much  study  to  properly 
design  them. 

A  rope  carrier,  generally  speaking,  is  a  wheel  supported 
in  a  frame  so  that  it  can  revolve  and  allow  a  rope  to  run  over 
it,  and  its  use  is  to  enable  us  to  deflect  the  rope  from  a 
straight  line  or  to  keep  it  in  a  straight  line  against  the  action 
of  gravity.     Many  head-frames  are  simply  rope  carriers;  but 
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as  most  of  them  serve  other  purposes,  we  will  take  them  up 
in  detail  under  the  head  of  tracks. 

We  will  consider  here  only  sheaves  and  rollers,  which  are 
used  as  rope  carriers  directly. 


SHEAVES. 

2647.  Sheaves  are  grooved  wheels  used  to  carry  or 
guide  the  hoisting  rope.  It  was  formerly  a  common  prac- 
tice to  build  them  up  with  wooden  arms  and  rim  on  a  cast- 
iron  hub,  and  many  such  sheaves  are  in  use  to-day,  A 
good  feature  of  such  sheaves  is  their  light  weight,  which 
allows  them  to  be  put  in  motion  and  stopped  readily  by  the 
rope  running  over  them;  but  they  are  not  durable.  Unless 
they  are  built  up  of  many  pieces,  they  will  not  keep  their 
shape,  and  if  they  are  built  up  of  many  pieces  they  are 
costly.  They  become  soaked  with  oil  from  the  rope  and 
from  the  bearings  in  which  they  run,  and  are,  therefore,  a 
source  of  danger  from  fire.  They  also  look  clumsy,  and  are 
unmechanical. 

2548.  The  sheaves  of  to-day  are  built  entirely  of  iron 
and  are  of  two  styles — those  composed  entirely  of  cast  iron, 


and  those  with  cast-Iron  hubs  and  rims  and  wrought-iron 
arms,  or  spokes.     An  illustration  of  the  first  style  is  given 
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in  Fig.  031.  This  sheave  is  the  cheaper  of  the  two  styles, 
and  for  many  purposes  it  is  entirely  satisfactory.  Its  great 
weight  is  an  objection,  because  it  adds  to  the  weight  on  the 
journals,  and  also  offers  considerable  resistance  to  being  set 
in  motion.  If  such  a  sheave  is  used  to  carry  the  rope  in  a 
straight  line  or  to  deflect  it  only  a  little,  the  pressure  of  con- 
tact between  the  rope  and  the  sheave  will  be  slight  and, 
therefore,  also  the  ability  of  the  rope  to  turn  the  sheave. 
In  such  a  case,  when  the  rope  starts  or  stops  quickly,  as  it 
is  very  likely  to  do  in  modern  hoisting  plants,  the  sheave  lags 
behind,  and  the  consequent  slipping  is  a  great  source  of  wear. 
The  arms  have  a  cross-section  as  shown  at  A  B,  a  form 
that  is  very  stiff  in  every  direction  and  easy  to  mold.  They 
should  taper  in  both  directions;  that  is,  dimension  (7 should 
be  less  than  D,  and  £  less  than  /".  This  gives  a  lighter  and 
more  shapely  wheel  for  the  same  strength.  The  bottom  of 
the  groove  G  in  the  rim  should  be  a  circular  arc  whose 
radius  is  a  little  larger  than  that  of  the  rope,  to  allow  for  the 
angle  of  the  rope  due  to  its  fleeting  on  the  drum.  The 
flanges  at  //  are  added  to  prevent  the  rope  from  jumping 
off  if  anything  gets  under  it  on  the  sheave. 


2549.     A  sheave  with  cast-ire 
1  spokes  is  shown  in  Fig.  ! 


hub  and  rim  and  wrought- 
This  is  a  very  excellent 
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sheave,  especially  for  the  larger  diameters.     It  is  extensively 
used  both  in  the  United  States  and  abroad. 

The  principle  of  construction  of  such  a  sheave  is  very 
different  from  that  of  sheaves  entirely  of  cast  iron.  In  the 
case  of  a  sheave  with  cast-iron  arms,  the  load  put  upon  it  by 
the  rope  is  transmitted  to  the  shaft  by  a  compressive  stress 
through  those  arms  directly  under  the  load.  In  other  words, 
if  a  rope  is  run  over  the  top  of  the  sheave  in  Fig.  931,  put- 
ting a  load  upon  it,  say  from  J  to  K^  this  load  will  be  trans- 
mitted as  a  compressive  stress  •  through  the  arms  L  and  M 
to  the  hub  and  the  shaft.  Of  course,  we  can  readily  see  that 
a  part  of  it  might  be  carried  around  the  rim  to  the  lower 
arms,  and  be  supported  by  them  in  tension ;  but  we  should  not 
consider  that  in  designing  the  wheel,  because  cast  iron  is  of 
comparatively  little  value  in  tension,  whereas  it  is  of  great 
value  in  compression. 

Now,  in  the  case  of  a  sheave  with  wrought-iron  arms,  or 
spokes,  as  shown  in  Fig.  932,  the  load  would  be  transmitted 
around  the  rim  to  the  side  Opposite  its  point  of  application, 

and  carried  from  there 


to  the  hub  by  the  ten- 
sion of  the  adjacent 
spokes.  In  fact,  the 
spokes  all  around  the 
wheel  are  in  tension 
continually  from  the 
method  of  construc- 
tion, and  the  sheave  is 
very  strong  and  rigid. 
This  gives  a  very  light 
wheel  for  a  required 
strength,  and  there  is, 
consequently,  little 
Fig.  oxj.  wear  between   it   and 

the  rope  due  to  any  slipping  action  when  it  is  started  or 
stopped.  As  will  be  seen  in  the  sectional  view  of  Fig.  932, 
the  spokes  are  carried  to  the  right  and  to  the  left  alternate- 
ly, so  as  to  take  hold  of  the  opposite  ends  of  the  hub,  there- 
by giving  stiffness  to  the  sheave  against  any   side  stress. 
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Sometimes,  also,  the  spokes  are  put  in  slightly  tangential 
instead  of  radial,  which  method  is  shown  in  Fig.  933.  In 
the  center  of  the  wheel  there  is  an  imaginary  circle,  say 
two  inches  in  diameter  for  a  10-foot  sheave,  and  to  this  cir- 
cle all  the  spokes  are  tangent.  Taken  in  pairs,  made  up  of 
alternate  spokes,  they  are  made  tangent  to  the  opposite 
sides  of  the  circle,  so  that  they  pull  against  each  other,  so 
to  speak,  and  thereby  make  the  sheave  rigid  in  both  direc- 
tions. The  alternate  pairs  are  carried  to  the  two  ends  of 
the  hub  to  give  lateral  stiffness.  In  other  words,  spoke  A 
is  tangent  to  the  right  side  of  the  circle,  and  spoke  A'  is  tan- 
gent to  the  left  side.  These  pull  in  opposite  directions,  so 
far  as  their  tangential  pull  is  concerned.  Then,  spoke  B  is 
tangent  to  the  right  side  of  the  circle,  and  spoke  B'  is  tangent 
to  the  left  side;  but  this  pair  B  and  B'  take  hold  of  the 
lower  end  of  the  hub,  while  the  pair  A  and  A'  take  hold  of 
the  upper  end.  This  arranges  the  spokes  in  groups  of  four, 
so  the  total  number  must  be  some  multiple  of  four.  The 
tangential  direction  of  the  spokes  is  often  necessary  in  very 
large  sheaves  carrying  heavy  loads,  because  it  requires  a 
very  considerable  force  to  turn  the  shaft  in  its  bearings. 
With  radial  spokes,  we  have  only  their  strength,  or  rather 
stiffness,  considered  as  beams  to  do  this  turning;  but  with 
the  tangential  spokes  we  have  a  direct  pull  to  do  it.  This 
is  the  best  sheave  that  we  have  to-day. 

2550*  The  rims  of  both  of  the  above  styles  of  sheaves 
are  made  either  solid  or  with  wooden  lagging,  as  shown  in 
Fig.  934,  which  is  a  section  through  such 
a  rim.  The  left  flange  is  a  separate  piece, 
which  is  centered  with  the  sheave  by  the 
lip  at  A,  and  which  is  held  on  by  bolts,  as 
shown  at  B,  The  blocks  of  wood  have  ^^ 
holes  bored  in  them  for  these  bolts  to  pass  tr^ 
through,  and  are  held  securely  by  the 
clamping  together  of  the  two  flanges  with 
the  bolts.  With  such  a  sheave,  there  is 
much  less  wear  of  the  rope  than  there  is 
with  one  that   has  a  plain  cast-iron  rim.  fio.w. 
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The  wear  of  the  sheave  proper  is  also  avoided,  because,  as 
the  blocks  wear  down,  they  are  taken  out  and  replaced  by 
new  ones. 

The  size  of  a  sheave  for  a  given  purpose  depends,  gener- 
ally, upon  the  size  of  the  rope  to  be  used,  but  if  the  rope  is 
simply  to  be  carried  in  a  straight  line  against  the  action  of 
gravity,  it  may  depend  upon  other  circumstances.  In  such 
a  case  the  usual  method  would  be  to  use  a  roller.  If  the 
rope  is  required  to  bend  over  the  sheave,  as  it  is  when  its 
direction  is  changed,  the  sheave  should  bear  some  relation 
to  the  diameter  of  the  rope.  In  Mine  Haulage,  it  is  stated 
that  the  minimum  diameter  of  drum  or  sheave  over  which 
a  wire  rope  having  19  or  7  wires  to  a  strand'is  to  be  led  is  60 
and  100  times  the  diameter  of  the  rope,  respectively.  But 
we  should  not  use  this  minimum  diameter  unless  we  are 
compelled  to,  for  the  larger  the  sheave  the  less  will  be  the 
wear  of  the  rope  due  to  the  bending,  and,  consequently,  the 
longer  the  life  of  the  rope.  Of  course,  the  cost  of  the  sheave, 
which  necessarily  increases  with  the  size,  would  put  a  limit 
in  the  other  direction. 

ROLLERS,  OR  CARRYING  SHEAVES. 

255 1«  Rollers  are  used  for  rope  carriers  when  the 
only  object  in  view  is  to  sustain  the  rope  against  the  attrac- 
tion of  gravity.  There  is  no  bending  of  the  rope  in  this 
case,  except  a  very  slight  amount  due  to  the  sagging  between 
the  rollers,  so  the  diameter  of  the  roller  is  not  of  any  impor- 
tance, so  far  as  the  rope  is  concerned.  If  the  rollers  are  for 
use  on  a  slope  to  keep  the  rope  from  dragging  on  the  ground, 
it  is  evident  that  they  must  be  small,  because  the  car  must 
run  over  them ;  and  mine-cars  are  usually  made  low  because 
of  restricted  head-room  in  the  mine. 

Let  it  be  understood,  however,  that  if  the  rope  is  required 
to  change  its  course  from  a  straight  line,  a  roller  will  not 
answer,  but  a  sheave  must  be  used,  even  if  the  deflection  is 
only  a  small  amount.  We  have  just  said  that  where  rollers 
are  used  to  carry  the  rope  against  the  attraction  of  gravity, 
there  is  no  bending  of  the  rope,  except  a  small  amount  due 
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to  the  sag.  Now,  this  small  amount  of  bending  is  not  harm- 
ful, because  it  does  not  produce  a  stress.  When  the  load  is 
put  upon  the  rope,  its  tendency  is  to  take  a  straight  line  and 
decrease  the  bending.  On  the  other  hand,  if  the  rope  turns 
a  corner  or  is  deflected  from  a  straight  line  when  the  load  is 
put  upon  it,  it  tends  to  hug  the  turning  sheave  and  to  bend 
as  sharp  as  the  sheave  will  let  it.  Therefore,  in  such  a  case, 
a  sheave  should  be  used  in  proportion  to  the  size  of  the  rope. 


TRACKS. 


CLASSIFICATION. 

25 S 2.  In  all  hoisting  operations,  except  in  very  shallow 
vertical  hoists,  it  is  necessary  to  have  some  sort  of  a  track 
to  guide  and  control  the  car  or  cage  during  its  travel.  If 
the  direction  of  the  hoist  is  other  than  vertical,  that  is,  if 
the  hoistway  is  a  slope,  then  the  tracks  are  similar  in  most 
respects  to  those  of  any  other  haulage  way  where  tracks  are 
used.  If  the  hoist  is  a  vertical  one,  the  tracks  must  be  dif- 
ferent, and  they  are  then  called  guides,  or  conductors. 
In  either  case,  it  is  often  found  advisable  to  change  the 
tracks  or  guides  into  dumps  at  the  upper  ends  of  the  hoists, 
which  empty  the  car  automatically.  There  are  also  located 
at  the  different  landings,  keeps,  or  landing:  fans,  on 
which  to  rest  the  car  while  it  is  being  loaded.  We  would 
then  have  under  this  head  the  following  items  to  consider; 
namely.  Car  tracks  ;  Guides^  or  Conductors  ;  Dumps  ;  Land- 
ing fans  ^  or  Keeps ;  Head-frames. 


CAR  TRACKS. 

2553.  Tracks  such  as  we  see  on  any  ordinary  railroad, 
are  used  to  run  the  cars  on  while  they  are  being  hoisted  up 
a  slope  or  inclined  shaft.  These  tracks  are  generally  of 
narrower  gauge  and  of  lighter  construction  than  most 
surtace  railways,  but  they  are  similar.  They  are  usually 
of  T  rails,  varying  in  size  from  the  lightest  pattern  up  to 
60  lb.   per  yard^   laid  on   cross-ties   in  the  ordinary  way. 
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When  the  regular  mine-car  is  hoisted,  the  track  must  be 
provided  with  turnouts  and  switches,  so  that  the  cars  can 
readily  be  run  from  the  slope  into  the  gangway  or  level,  and 
vice  versa.  These  gangways  are  generally  run  at  right 
angles  to  the  slope,  and  may  be  anywhere  in  the  length  of 
the  slope  as  well  as  at  the  bottom.  At  the  foot  of  a  slope, 
or  at  the  landing  on  any  lift,  the  gangway  is  widened  out  to 
accommodate  two  tracks,  one  for  the  empty  and  one  for  the 
loaded  cars.     The  empty  track  is  generally  on  the  upper 


side  of  the  gangway  and  the  loaded  track  on  the  lower  side. 
One  method  of  arranging  the  tracks  is  shown  in  Fig.  935. 

At  a  distance  of  forty  or  fifty  feet  above  the  gangway,  the 
slope  is  widened  out  to  accommodate  the  branch  A  which 
connects  with  the  loaded  track.  It  will  be  noticed  that  the 
tracks  in  the  gangway  are  not  on  the  same  level  near  the 
slope.  The  empty  track  is  kept  high,  so  that  the  empty  cars 
will  run  by  gravity  into  the  gangway;  and  the  loaded  track 
is  dropped  down,  so  that  the  loaded  cars  will  run  by  gravity 
from  the  gangway  on  the  branch  A  ready  for  hoisting.  A 
short  distance  above  the  gangway,  at  /?,  a  bridge  or  door  is 
placed  which,  when  down,  forms  part  of  the  empty  track 
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and  switches  the  empty  cars  coming  down  the  slope  off  into 
the  gangway.  This  bridge  or  door  is  shown  to  be  open  in 
the  lower  part  of  the  figure  at  B.  The  empty  track  is  about 
six  feet  higer  than  the  loaded  track  and  is  carried  over  it  on 
a  trestle.  When  this  door  is  up,  the  track  is  continuous 
down  the  slope  to  a  lower  gangway  or  to  the  bottom.  The 
illustration  shows  the  plan  arranged  for  a  single  slope  fed 
from  one  side,  or  half  of  a  double  slope  fed  from  both  sides. 
When  hoisting  is  being  done  from  this  level,  the  bridge  is 
down.  The  empty  car  comes  down  and  is  run  off  over  the 
bridge,  the  car  is  unhooked  from  the  rope,  and  the  end  of 
the  rope  is  thrown  down  to  the  branch  below,  where  a  load- 
ed car  is  standing.  This  car  is  attached  to  the  rope,  and  is 
hoisted  up  the  branch  and  through  the  switch  to  the  main 
track. 

2554.     This  plan  can  be  employed  economically  only  in 
thick  seams,  as  the  height  necessary  to  allow  one  track  to  cross 


the  other  on  a  trestle  can  not  be  obtained  in  seams  of  modern 
thickness  without  taking  down  a  large  amount  of  top.  A 
simpler  plan,  which  does  away  with  the  bridge,  is  often  used. 
This  is  shown  in  Fig,  i)3(i,  in  which  the  branch  A  is  laid  out 
as  before,  but  near  the  point  where  it  enters  the  gangway 
a  switch  is  placed  opening  into  the  empty  track.  The  dis- 
advantage of  this  arrangement  is  that  the  cars  can  not  be 
bandied  by  gravity  as  before. 
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2555*  A  common  arrangement  of  the  tracks  at  the 
bottom  of  a  slope  is  shown  by  Fig.  937.  A  branch  is  made 
by  widening  out  the  slope  near  the  bottom,  and  this  being  a 
few  feet  higher  than  the  main  track,  is  used  to  run  off  the 
empty  cars  by  gravity.  The  loaded  cars  run  in  by  gravity 
around  the  curve  to  the  foot  of  the  slope,  in  position  to  be 
attached  to  the  rope.     In  ascending,  the  loaded  car  forces 


its  way  through  the  spring  switch,  or  the  switch  may  be  set 
by  a  lever  located  at  the  foot  of  the  slope.  When  the  empty 
car  descends,  it  runs  in  on  the  branch,  where  the  rope  is  un- 
hooked and  thrown  over  in  front  of  the'  loaded  car;  the  car 
then  runs  around  the  curve  into  the  gangway  by  gravity, 

GUIDES,  OH  CONDUCTORS. 
2556.  Guides,  or  coaductors,  are  used  in  all  vertical 
shafts  of  any  considerable  depth,  to  serve  as  a  track  to  keep 
the  car  or  cage  from  swinging  about  and  striking  the  sides 
of  the  shaft.  They  are  made  of  wooden  rails,  iron  rails,  or 
wire  ropes.  In  English  mines,  wire  ropes  are  used  to  the 
exclusion  of  almost  everything  else,  but  in  American  mines 
wooden  guides  predominate,  although  some  iron  ones  are 
used.  Probably  this  difference  in  practice  is  due  to  the 
different  .shapes  of  shafts  that  are  used  in  the  two  countries. 
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In  English  mines,  the  usual  shape  of  cross-section  of  the 
hoistways  is  circular,  while  the  cages  are  rectangular,  and 
the  same  opening  is  used  for  ventilating.  In  such  a  case, 
the  wire-rope  conductors  leave  the  shaft  practically  unob- 
structed, because  they  simply  hang  there  without  any  bra- 
cing or  tying  transversely.  In  American  mines,  the  usual 
shape  of  cross-section  is  rectangular,  as  is  also  that  of  the 
cage,  and  there  is  only  a  working  clearance  between  them. 
Wooden  guides  seem  more  suitable  in  such  a  case. 

2557.  There  should  be  three  or  four  conductors  for 
each  cage  where  wire  ropes  are  used  for  the  purpose,  be- 
cause they  sometimes  break.  If  only  two  are  used  and  one 
breaks,  the  remaining  one  can  not  control  the  cage,  but  will 
let  it  swing  about  itself.  If  three  or  four  are  used  and  one 
breaks,  there  will  still  be  two  or  three  left,  and  they  will,  of 
course,  keep  the  cage  where  it  belongs.  In  order  that  wire- 
rope  conductors  may  give  a  positive  guidance  to  the  cages, 
they  must  be  under  tension.  This  is  sometimes  done  by 
drawing  them  taut  and  fastening  the  lower  end,  but  this  is 
not  a  good  method.  When  the  rope  expands  with  the  heat, 
it  gets  slack  and  is  useless  as  a  conductor;  and  when  it  con- 
tracts with  the  cold,  it  either  breaks  itself  or  tears  away 
from  one  of  its  fastenings.  The  best  way  to  do  is  to  hang 
a  weight  to  the  lower  end  large  enough  to  give  the  necessary 
tension,  and  to  arrange  guides  so  that  the  weight  can  travel 
up  and  down.  If  the  conditions  at  the  foot  of  the  shaft 
make  such  a  plan  objectionable,  the  rope  can  be  secured  at 
its  lower  end  and  have  its  upper  end  hung  on  one  end  of  a 
lever,  on  the  other  end  of  which  the  necessary  weight  is 
applied.  Of  course,  this  weight  must  be  large  enough  to 
counterbalance  the  weight  of  the  rope  and  give  the  tension 
to  its  lower  end. 

2558*  There  is  little  variation  in  the  details  of  wooden 
guides.  They  are  always  of  a  rectangular  cross-section.  In 
some  localities,  especially  in  Europe,  where  wood  is  not  so 
plentiful,  they  vary  from  6  in.  x  0  in.  to  6  in.  X  7  in. ;  but 
in  the  United  States,  where  wood  is  more  abundant,  they 
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are  generally  between  6  in.  x  8  in.  and  8  in.  X  10  in.  The 
kind  of  wood  chiefly  used  for  guides  in  the  United  States  is 
yellow  pine,  but  elsewhere  some  of  the  harder  woods  are  used. 
The  guides  for  a  single  cage  consist  of  two  lines  of  rails 
put  together  in  lengths  ranging  from  12  ft.  to  16  ft.,  and  the 

butts  or  ends  of  these 
lengths  are  kept  in  line  by 
being  seated  in  notches 
cut  in  the  buntons  for  that 
purpose.  Fig.  938  shows 
a  plan  of  a  cage  with  the 
guides  and  buntons  in  their 
normal  position.  The  bun- 
tons are  shown  at  A  and 
A,  and  are  usually  timbers 
of  8  in.  X  10  in.  or  10  in.  X 
Fig.  988.  12  in.  cross-section;    /?,  B 

are  the  guides  in  section,  and  C,  C  are  the  cage  shoes  for 
clasping  the  guides  and  keeping  the  cage  in  line.  The  guides 
are  bolted  to  the  buntons  with  bolts  countersunk  into  them 
so  as  to  be  clear  of  the  shoes. 


DUMPS. 

2559.  When  gunboats,  or  skips,  are  used,  the  usual 
practice  is  to  extend  the  tracks  on  which  they  run  above 
the  surface,  on  a  head-frame,  and  form  it  into  a  dump ; 
that  is,  a  shape  that  will  upset  the  gunboat.  There  is  a 
chute  to  catch  the  material  thus  emptied  and  to  conduct  it 
into  bins  or  elsewhere.  Oftentimes,  a  shaft-house  or  head- 
house  is  built  about  the  head-frame  in  which  to  store  the 
material,  or  to  prepare  it  for  market  or  further  handling. 

These  dumps  are  of  different  designs  in  different  localities. 
In  the  Lake  Superior  copper  region,  we  find  many  of  them 
built  as  shown  in  Fig.  939.  In  this  dump  the  rails  of  the 
main  track  are  bent  down  around  a  smooth  curve,  as  at  A, 
At  a  short  distance  back  of  the  commencement  of  this  verti- 
cal curve,  another  track  begins  and  runs  into  a  straight  line 
parallel  to  the  angle  of  the  hoist.     This  second  track  is  of  a 
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wider  gauge  than  the  first  one,  is  at  a  higher  level,  and  its 
rails  are  of  a  heavy  angle-iron,  as  shown  in  section  through 
B  B,  On  the  left-hand  side  of  this  section,  one  of  the  front 
wheels  is  shown,  and  on  the  right-hand  side,  one  of  the 
back  or  dumping  wheels,  which  has  a  second  tread  of  less 
diameter  than  the  main  tread.  The  second  track  is  made 
of  a  wide  gauge,  in  order  to  let  the  front  wheels  and  the 
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entire  skip  pass  through  it  in  dumping.  It  is  raised  a  little 
above  the  main  track,  so  as  to  reach  the  small  tread  of  the 
dumping  wheel,  which  runs  on  it.  By  making  the  dumping 
tread  of  a  smaller  diameter  than  the  main  tread,  the  latter 
acts  as  an  inside  flange  to  keep  the  skip  from  running  off  the 
track.  Now,  when  the  skip  comes  up,  the  front  wheels  con- 
tinue on  the  main  track,  running  over  to  the  curve  A  and 
down,  while  the  dumping  wheels  run  up  on  the  second  or 
outside  track,  thus  turning  the  skip  over.  If  there  is  any 
overhauling  beyond  thef  point  necessary  to  empty  the  skip, 
it  will  simply  run  along  on   the  upper  track   on  the  two 


100     HOISTING  AND  HOISTING  APPLIANCES,    g  23 

back  wheels,  hanging  front  end  down.  In  actual  practice, 
this  occurs  at  almost  every  hoist,  and  is  rot  found  to  be 
objectionable. 

The  principle  of  action  of  most  dumps  is  the  same  as  that 
of  the  one  just  described,  the  sizes  and  proportions  differing 
with  the  size  of  the  skip  and  the  angle  of  the  slope. 

LANDING  FANS,  OR  KEEPS. 
2560.  At  most  mine  openings,  whether  vertical  or  in- 
clined, a  mechanism  is  placed  at  the  top,  or  mouth,  to  rest 
the  cage  upon  while  the  cars  are  being  changed.  Theseare 
called  landlnff  fans,  or  keeps.  A  common  form  is  shown 
in  Fig.  940,  in  which  A  and  A  are  a  pair  of  cast-iron  arms, 


or  struts,  located  one  at  each  end  of  the  cage.  They  rest 
in  bearings  i>',  B  bolted  to  the  shaft  timbers,  and  can 
stand  in  a  vertical  position,  entirely  free  of  the  shaft,  or  ex- 
tend out  into  the  shaft  and  under  the  cage,  as  shown.  At 
their  upper  end  there  is  an  eye-bolt,  corresponding  to  an- 
other one  opposite  in  the  timber,  and  between  these  a 
chain  a  is  put  as  a  safeguard  to  prevent  the  keeps  from  lean- 
ing out  into  the  shaft  too  far  or  from  falling  into  the  shaft 
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if  anything  goes  wrong.  At  the  upper  end  of  each  keep 
there  is  also  a  pin,  which  extends  to  the  side  key  and  the 
line  of  the  cage,  and  from  these  pins  connections  C  and  C 
extend  to  the  center  and  upwards,  as  shown,  to  another  pin. 
This  last  pin  is  carried  by  the  end  of  a  hand-lever  D  with  a 
fulcrum  at  £  on  the  floor  of  the  landing.  Now,  it  will  be 
seen  that  if  the  outer  end  of  the  hand-lever  is  raised,  the 
inner  end  will  drop,  and  thus,  through  the  connections  C 
and  C,  force  the  keeps  out  from  under  the  cage  into  the 
pockets  in  the  timbering  arranged  for  them.  The  cage  has 
four  cast-iron  shoes  with  projections  under  it  to  receive  the 
keeps,  to  take  the  wear  from  them,  and  to  prevent  them 
from  swinging  too  far  into  the  shaft.  It  should  be  noticed, 
also,  that  the  insides  of  the  keeps  have  no  projections,  and 
the  operating  mechanism  is  such  that  no  harm  would  come 
if  the  keeps  were  left  in  the  shaft  by  mistake  and  a  hoist 
were  made.  The  cage  would  open  out  the  keeps  and  pass 
through  them  without  any  trouble.  This  is  a  requisite  of 
good  keeps. 

2561.     Most  keeps  that  we  find  in  use  are  built  on  the 
same  principle  as  those  just  described,  although  the  details 
of  their  construction  may  vary.     An  objection  that  can  be 
raised  against  them  is  that,  with  large  cages  and  heavy 
loads,  the  jar  caused  by  letting  the  cage  down  on  such  a 
rigid  support  is  very  detrimental.     One  scheme  that  has 
been   used   successfully  to   overcome 
this  trouble  is  to  make  the  keeps  of 
hydraulic  cylinders,  with  plungers  for 
the  cage  to  rest  upon.     Such  a  keep 
is  shown  in  Fig.  941.     The  cylinder 
has    at    its  lower  end  an  eye,  about 
which  it  can  turn  on  a  pin,  so  as  to 
close  back  into  a  recess  in  the  shaft, 
out  of  the  way  of  the  cage,  or  extend 
out  into  the  shaft  under  the  cage.     It 
is  shown  in  this  last  position,  and  its 
operation  is  as  follows;   Suppose  the 
cage,  which  rests  in  the  jaw  a.tA,  has  pio.  mi. 
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just  been  lifted  away.  The  spring  at  -ff,  which  is  long  and 
strong  enough  to  push  the  plunger  out  the  desired  distance, 
then  does  this,  and  the  plunger  is  ready  to  receive  the  cage 
again.  When  the  cage  settles  down,  it  tends  to  push  the 
plunger  home  again  into  the  position  in  which  it  is  shown 
in  the  figure.  This  action  is  resisted  by  water  or,  prefer- 
ably, oil  in  the  cylinder  at  C.  At  first  this  resistance  is 
very  slight,  however,  because  V-shaped  grooves  have  been 
cut  in  the  plunger,  as  shown  at  E^  and  the  oil  can  escape 
through  these  into  the  upper  chamber  D,  As  will  be  seen 
in  the  figure,  the  V  grooves,  which  are  of  considerable  size, 
at  the  end  of  the  plunger,  taper  down  to  nothing,  so  the 
flow  of  oil  through  them  becomes  less  and  less  until  none  can 
pass  except  by  leakage  around  the  plunger.  This  allows  the 
plunger  with  its  load  to  settle  quietly  to  the  bottom. 

Landing  fans  are  also  used  for  slope  cages  in  some  cases, 
and  may  be  of  substantially  the  same  design  as  those  shown 
for  shaft  cages. 

HEAD-FRAMES. 

2562«  A  bead-frame  is  a  frame  or  structure  built  at 
the  mouth  or  opening  of  a  mine,  primarily,  to  carry  the  head 
sheave  over  which  the  rope  is  conducted  from  the  mine  to 
the  hoisting-engines.  It  almost  universally,  however,  car- 
ries the  track  that  the  car  runs  on  or  the  guides  for  cages, 
and  we  therefore  class  it  under  the  general  head  of  Tracks. 

2563.  In  Fig.  942  is  shown  a  head-frame  in  its  simplest 
form  without  tracks  or  guides.  The  drum  of  the  hoisting- 
engines  is  shown  at  A^  with  the  rope  coming  from  its  upper 
side  and  running  over  the  head  sheave  B  down  to  the  cage 
C,  The  head  sheave  is  supported  by  the  head-frame  D. 
If  we  assume  that  the  angles  E  and  F  that  the  two  por- 
tions of  the  rope  make  with  the  horizontal  are  equal,  the 
resultant  stress  on  the  head  sheave  will  be  vertical.  We 
arrive  at  this  conclusion  through  the  principle  of  the 
parallelogram  of  forces.  If  two  forces  acting  on  a  point  be 
represented  in  direction  and  intensity  by  adjacent  sides  of 
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a  parallelogram,  their  resultant  will  be  represented  by  that 
diagonal  of  the  parallelogram   which   passes   through  the 


point.     That  is  to  say,  it  G  H  and  G  K,  Fig.  643,  represent 
the   directions    and   amounts  of   two   forces  acting   upon 
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the  point  C,  we  find  the  resultant  of  these  forces,  or  the 
force  which  would  be  equivalent  in  effect  to  their  combined 
effort,  by  constructing  the  parallelogram  G  A'Z  //and  draw- 
ing the  diagonal  G  L  through  (7.  This  diagonal,  then,  rep- 
resents in  direction  and  intensity  the  resultant  sought. 
Suppose  the  forces  G  H  and  G  K  are  equal  and  amount  to 
20,000  lb.  each,  and  suppose  we  lay  off  these  forces  with  a 
scale  representing  1,000  lb.  per  one-tenth  of  an  inch.  Then, 
the  lines  G  H  and  G  K  should  each  be  two  inches  long,  and 
the  line  G  Z,  which  in  this  case  measures  three  inches,  or 
30-tenthsof  an  inch,  would  represent  30,000  lb.  Going  back 
now  to  Fig.  942,  we  see  this  operation  applied  to  our  head- 
frame.  We  have  extended  the  rope  lines  to  the  point  of 
intersection  (7,  and  from  there^  have  laid  off  the  two  lines 
G  H  and  G  Ky  each  one  inch  long,  thus  representing  the  pull 
of  the  rope,  say  20,000  lb.,  to  a  scale  of  2,000  lb.  to  one-tenth 
of  an  inch.  Completing  the  parallelogram  by  drawing  H L 
parallel  to  (JA^and  K  L  parallel  to  G  H^  and  drawing  the 
diagonal  G  Z,  we  have  the  direction  and  amount  of  the  force 
acting  upon  the  head-frame  in  consequence  of  the  deflection 
of  the  rope  by  it,  while  the  rope  is  under  that  tension. 

On  measuring  the  diagonal,  it  is  found  to  be  1^^  in.  long, 
and  as  there  are  fifteen  one-tenths  in  1^  in.,  and  since,  ac- 
cording to  the  scale  we  are  using,  each  tenth  equals  2,000 
lb. ;  2,000  X  15  =  30,000  lb.  =  the  vertical  stress  on  the  head- 
frame.  We  also  see  from  the  figure  that  the  direction  of 
this  force  is  vertical. 

2564.  Let  us  suppose  now  that  we  have  to  deal  with 
a  shaft  instead  of  a  slope,  that  is,  with  a  vertical  instead 
of  an  inclined  hoistway.  We  have  a  representation  of 
such  a  case  in  Fig.  044,  in  which,  as  before,  A  is  the  drum, 
B  the  head  sheave,  C  the  cage,  and  D  the  head-frame. 
The  head-frame  now  has  an  element  that  it  did  not  have 
before;  that  is,  the  diagonal  member  M.  Why  has  this 
been  added,  and  how  shall  we  determine  its  location  ? 
The  parallelogram  of  forces  will  answer  both  of  these  ques- 
tions for  us.     As  before,  we  extend  the  lines  of  the  rope,  which 
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are,  of  course,  the  lines  of  force  with  which  we  are  dealing,  un- 
til they  intersect  at  C.     From  this  point,  lay  off  on  these  lines 
distances    representing 
the  stresses  in  the  rope 
to  any  scale.     For  sim- 
plicity's   sake,    assume 
that  the  stress  is  20,000 
pounds,  as    before,  and 
use    one-tenth     of    an 
inch  per   3,000  pounds 
for   a   scale.      We   will 
then  have  G  HandG  K, 
each  one  inch  long,  on 
laying   off   our    forces.  ■■ 
Completing   the   paral-  ' 
lelogram     by    drawing 
H  L  parallel  to  (7  A!"  and 
KL    parallel    to   G  H, 
and   drawing  the  diag- 
onal   GL    through    G, 
we  find  that  the  result- 
ant   is    38,000   pounds,  fio.«4. 
because  G  L  is  1.9  inches  long.     The  direction  of  the  re- 
sultant is  also  determined,  being  in  the  line  of  the  diagonal 
G  L.     Now,  it  will  be  seen  that  if   we   had   used   a   head- 
frame  for  this  case  such  as  is  shown  in  Fig.  943,  it  would 
have  been  overturned  by  this  resultant  force,  so  we  added 
the  new  member  M  to  resist   that   action.     In   all   cases, 
then,  it  must  be  made  certain  that  the  resultant  of  all  the 
forces   acting    on   the    head-frame   shall    fall    within    the 
structure. 

2505.  So  far,  we  have  had  in  mind  head-frames  that 
were  to  be  built  of  wood,  but  many  of  them  are  now  built  of 
iron  or  steel.  These  may  follow  the  same  lines  as  laid 
down  in  the  foregoing  pages,  but  they  may  also  follow  an- 
other line.  Suppose,  for  instance,  that  we  have  a  case  such 
as  is  shown  in  Fig.  945,  where,  for  some  local  reason,  we 
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find  it  impossible  to  put  a  strut  in  or  near  the  line  of  the  re> 
sultant  stress  on  the  head-frame.  This  stress,  then,  has  a 
component  which  tends  to  turn  the  head-frame  over,  and  if 
it  had  only  its  weight  to  keep  it  in  place,  that  might  be  the 
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result.  Now,  in  iron  or  steel  structures,  we  can  very  easily 
make  A  a  tension  member  and  anchor  the  lower  end  of  it  to 
a  heavy  masonry  foundation.  This  resists  the  tendency  to 
overturn  and  makes  a  very  stable  structure.  A  head-frame 
similar  to  this  is  shown  more  in  detail  in  Fig.  946. 


SURFACE  ARRANGEMENTS 

OF 

BITUMINOUS   MINES. 


CHARACTER  AND  EXTENT  OF  SUR- 
FACE ARRANGEMENTS. 

2566.  The  arrangement  of  the  surface  works  of  a 
bituminous  coal-mine  should  be  considered  with  regard  to 
facilitating  the  operations  inside  as  well  as  outside. 

The  rapid  and  economical  handling  of  the  coal  when  it  is 
in  readiness  to  be  removed  from  the  mine,  the  prompt  re- 
turning of  empty  cars,  and  the  supplying  of  the  inside  re- 
quirements of  the  mine  should  be  kept  constantly  in  view, 
since  on  the  promptness  and  economy  with  which  these  de- 
mands are  met  will  depend  the  capacity  and  profits  of  the 
operations. 

The  inside  operations  are  directly  dependent  upon  the 
efficiency  and  relation  of  the  outside  arrangements  for  the 
hoisting,  ventilating,  pumping,  and  possibly  for  the  mechani- 
cal haulage,  coal  cutting,  etc. 

The  relation  of  the  surface  works  to  the  outside  opera- 
tions, as  far  as  their  general  arrangement  is  concerned,  is 
of  special  importance.  On  this  will  depend  the  efficiency  in 
handling  the  coal  and  material  to  and  from  the  mine,  as  well 
as  the  return  of  empty  cars.  This  efficiency  is  secured  by 
means  of  cars,  landings,  tracks,  trestles,  scales,  tipples, 
chutes,  screens,  etc. 

Although  these  are  of  immediate  importance,  they  are 
dependent  for  their  maintenance  and  continuance  in  opera- 
tion upon  other  outside  arrangements,  as  shops,  sources  of 
supply,  preparation  of  material,  facilities  for  shipments,  etc. 

§24 
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2567.  The  arrangement  of  the  surface  works  of  a 
mine,  as  regards  magnitude,  design,  and  disposition,  will 
depend  upon  the  location,  daily  output,  and  nature  of  the 
operations,  as  well  as  the  life  thereof. 

In  some  instances,  the  territory  to  be  operated  on  is  very 
small,  with  coal  at  shallow  depths,  and  possibly  subject  to 
an  increasing  inflow  of  water  with  the  breakage  of  the  roof, 
so  that  the  outside  arrangements  should  be  constructed 
with  the  view  of  moving  them  bodily  to  a  new  location 
with  the  least  possible  dismantling  of  buildings  and  struc- 
tures. An  example  of  this  is  furnished  in  the  Braidwood 
region,  Illinois,  where,  after  mining  the  coal  in  160  acres — 
by  circular  long-wall  work,  at  depths  of  100  ft. — the  build- 
ings, head-frame,  etc.,  are  moved  on  trucks  to  the  center  of 
another  160-acre  tract. 

2568.  The  design  of  the  surface  works  will  depend 
upon  whether  the  coal  is  to  be  loaded  on  railroad-cars,  boats, 
or  dumped  into  bins  for  coke-ovens,  or  whether  the  coal  is 
to  be  stored,  on  account  of  irregular  shipment. 

The  method  of  mining,  the  amount  of  rock  to  be  han- 
dled, and  whether  the  coal  is  to  be  screened,  picked,  or 
washed,  will  also  influence  the  surface  arrangements. 

The  thickness  of  the  seam  and  nature  of  its  roof  govern 
the  use  of  large  or  small  cars.  These,  with  the  arrange- 
ments for  hoisting  one  or  more  cars  at  a  time,  influence  the 
arrangement  of  the  landings,  their  length,  width,  and  the 
gauge  of  the  tracks. 

The  nature  of  the  labor  employed  or  the  possible  output 
per  miner,  due  to  difficult  mining,  may  make  necessary 
such  a  large  force  of  men,  or  such  frequent  changing  of 
shifts,  as  to  render  it  necessary  to  have  an  independent 
opening  at  a  shaft  mine  for  the  lowering  and  hoisting  of 
men,  so  as  not  to  interfere  with  the  hoisting  of  coal.  In 
most  regions  a  second  opening  is  required  by  law. 

If  much  rock  is  to  be  hoisted  from  the  mine,  or  much 
timber  and  material  is  to  be  lowered,  a  second  opening  for 
the  work  may  be  necessary. 
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2569.  The  arrangement  of  the  surface  works  will  be 
influenced  by  the  number  and  location  of  the  mine  open- 
ings. If  the  hoisting,  ventilation,  and  pumping  are  to  be 
performed  through  one  opening  divided  into  compartments, 
the  arrangement  of  the  plant  around  these  openings  should 
be  carefully  planned. 

If  there  are  two  openings,  the  hoisting  should  be  done  at 
one  and  the  ventilation  at  the  other.  The  pumping  may  be 
done  through  either  opening,  although  in  the  case  of  a  rod 
or  Cornish  pump  being  used,  its  location  in  a  compartment 
of  the  hoisting  shaft  is  preferable,  unless  there  is  an  inde- 
pendent opening  or  bore-hole  for  pumping. 

The  location  of  the  plant  on  the  surface  should  be  care- 
fully considered  with  relation  to  existing  or  proposed  open- 
ings for  conducting  underground  the  ropes  for  haulage,  or 
compressed-air  pipes,  or  electric  wire  for  motors,  coal  cut- 
ting, or  pumping. 

A  mine  may  be  opened  with  many  of  the  surface  arrange- 
ments of  a  temporary  character,  with  the  view  of  more 
permanent  improvements,  provided  the  life  of  the  mine  will 
permit.  This  plan  is  preferable  if  it  is  impossible  to  deter- 
mine what  the  future  requirements  of  the  mine  will  be. 

It  is  important  that  the  few  permanent  features  of  such  a 
plant  be  carefully  planned,  for,  when  once  made,  they  must 
stand.  If  they  are  poorly  planned,  their  inefficiency  can 
not  be  entirely  remedied.  Some  dependent  portions  of  the 
operations  will  generally  necessitate  the  continuance  of 
some  parts  of  the  old  work. 

2570«  In  order  to  better  understand  the  features  in 
the  surface  arrangements,  which  will  vary  according  to  the 
nature  of  the  opening,  they  can  be  best  considered  under 
the  conditions  of  mines  opened  as  follows: 

1.  By  a  shaft. 

2.  By  an  opening  at  a  lower  level  than  the  dumping 
platform,  necessitating  a  slope  hoist.  This  will  generally 
be  a  slope  mine,  although  the  coal  from  a  drift  or  other 
opening  may  have  to  be  hoisted  by  a  plane  before  finally 
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reaching  the  dumping  platform  and  surrounding  surface 
works. 

3.  By  a  drift  opened  on  a  level  with  the  dumping  platform 
or  at  a  point  from  which  cars  can  run  by  gravity  thereto. 

4.  By  an  opening  in  the  mountain-side  where  cars  can  be 
lowered  to  the  tipple  by  a  gravity  plane. 

In  each  of  these  cases  the  details  of  the  arrangements 
may  vary  in  a  few  important  points,  owing  to  different  con- 
ditions. 

These  particular  conditions  will  be  considered  under  each 
of  the  heads  referred  to. 

Surface  arrangements  will  be  described  to  meet  all  the 
various  requirements.  They  can  be  modified  for  operations 
where  the  outside  requirements  are  few  and  simple. 


SURFACE    ARRANGEMENTS  AT   A 

SHAFT  MINE. 


GENERAL   PLANS. 

2571.  The  principal  points  in  which  mines  opened  by 
shafts  differ  from  mines  opened  otherwise  are  as  follows: 

1.  In  the  requirement  of  a  head-frame  for  the  vertical 
hoisting  and  landing  of  the  loads,  generally  in  single  cars, 
requiring  continuous  and  rapid  hoisting. 

2.  The  location  of  the  engines  with  reference  to  the 
head-frame  and  shaft,  which  is  generally  on  line  therewith 
and  only  a  short  distance  away. 

3.  In  the  arrangement  of  the  tracks  at  the  landings,  and 
of  those  leading  to  the  dumping  points  and  to  the  yard. 

4.  Provision  for  lowering  and  hoisting  men  and  the 
handling  of  material  up  and  down  the  shaft,  especially  large 
timbers,  rails,  and  machinery,  also  mules  and  feed. 

5.  Arrangement  of  ventilating,  pumping,  or  haulage 
plants  near  a  compartment  of  the  hoisting  shaft,  or  at  an 
isolated  opening. 

2572.  There  are  two  cases  in  the  surface  arrangements 
of  shaft  mines,  as  follows : 
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Case  I. — In  this  case  there  is  one  landing  on  a  trestle 
leading  to  the  tipple,  and  another  at  the  yard  level  leading 
to  the  shops,  timber-yard,  etc.  A  general  arrangement  of 
this  case  is  shown  in  Fig.  947. 

This  arrangement  is  the  more  common  one  for  shaft 
mines,  and  is  adopted  where  the  ground  in  the  neighbor- 
hood of  the  mine  opening  and  the  dumping  point  is  level,  or 
nearly  so,  and  the  two  are  not  far  apart. 

2573.  By  referring  to  the  plan.  Fig.  947,  it  will  be 
seen  that  the  center  lines  of  the  hoisting-engine  4,  the  shaft 
i,  and  the  tipples  3  are  the  same.  The  boiler  room  6  is 
located  near  the  hoisting-engines,  with  a  room  between  for 
feed-pumps  and  the  fire-pump.  The  coal-bin  for  boiler  sup- 
ply is  located  in  front  of  the  boiler  room.  To  the  left  of  the 
shaft,  and  on  a  level  with  the  surface,  is  shown  the  Cornish 
or  bull  pump  6.  The  fan  house  7,  shown  on  the  left  of  the 
tipple,  is  intended  for  a  fan  to  be  used  in  case  of  accident  to 
the  regular  fan  at  the  air-shaft,  which  may  be  several  hun- 
dred yards  away.  The  dotted  lines  leading  from  the  fan 
house  to  the  shaft  are  intended  to  show  the  underground 
connection  of  the  fan  with  the  air  compartment  of  the 
hoisting  shaft.  The  two  remaining  buildings  on  the  left  of 
the  tipple  are  the  compressed-air  or  electrical  plant  8  and 
the  rope-haulage  engine-house  9.  From  the  former  the 
air-pipe  or  electrical  conductors  are  taken  into  the  mine 
through  the  air  compartment  of  the  shaft.  From  the  latter 
the  ropes  run  underground  in  wooden  conduits  to  the  shaft, 
and  reach  the  workings  through  the  air  compartment  of 
the  shaft. 

The  tank  for  the  water-supply  10  is  shown  back  of  the 
boilers,  with  service-pipes  leading  from  it  to  the  boiler  feed- 
pumps, the  compressor  plant,  the  wash-house  11^  to  all 
other  buildings  on  the  right  of  the  tipple,  and  to  the  coke- 
ovens  30,  The  mine  office  12  and  lamp  house  13  are  shown 
near  the  shaft  and  hoisting-engine  house.  The  machine- 
shop  i-J,  blacksmith  shop  16^  carpenter  shop  16^  sawed- 
lumber  yard  i7,  saw  shed  18^  and  the  timber  and  rail  yard 
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10  are  arranged  almost  in  line  and  near  the  shaft.  The 
machine-shop  H  has  two  rooms  cut  off  from  the  main 
room,  one  for  the  storage  of  special  fittings  and  the  other  for 
the  head  machinist's  office.  Besides  the  usual  small  tools, 
the  machine-shop  should  be  supplied  with  a  punch  machine, 
a  drilling-machine,  a  lathe,  a  planer,  and  an  emery-wheel. 
The  necessary  benches  and  closets  should  be  built  in  where 
most  convenient.  The  blacksmith-shop  15  should  have  a 
room  on  the  side  next  the  shaft  for  tools,  and  racks  for  picks 
needing  sharpening  and  those  sharpened.  It  should  have  two 
anvils,  two  forges,  and  a  blower,  and  the  usual  complement 
of  benches,  closets,  sledges,  hammers,  files,  tongs,  etc.,  etc. 
The  carpenter  shop  16  should  be  so  built  that  a  track  for 
crippled  mine-cars  can  be  run  in  one  side  of  it.  It  should 
adjoin  the  blacksmith  shop  and  be  near  the  shaft,  tipple,  and 
sawed-lumber  yard.  Besides  the  work-bench,  closet,  bins 
for  nails,  etc.,  it  should  be  supplied  with  a  grindstone  and  a 
wood-turning  lathe.  The  sawmill  18  and  the  sawed-lum- 
ber yard  17  should  be  located  as  convenient  to  the  various 
shops  as  possible.  In  this  case,  the  arrangement  is  all  that 
could  be  desired,  and  the  locations  of  the  buildings  are  such 
that  the  problem  of  furnishing  power  from  the  sawmill 
engine  to  the  machine  tools  in  each  shop  is  a  simple  one, 
and  is  solved  by  a  straight  line  of  shafting.  The  storage 
house  for  iron  and  pipe  2S  is  close  to  the  machine  and  black- 
smith shops,  as  it  should  be.  The  supply  house  20^  supply- 
clerk's  office  21,  and  the  oil  house  22  are  located  in  close 
proximity  to  each  other,  and  near  the  shaft  and  shops.  The 
stables  25,  harness  and  wagon  house  20,  and  the  hay  and  feed 
storehouse  27  are  another  group  of  buildings  that  should  be 
close  together  and  convenient  to  the  shaft.  The  powder 
house  2Jf.  should  not  be  nearer  any  other  building  than 
1,000  ft.  The  arrow  attached  to  the  building  shown  on  plan 
indicates  the  approximate  direction  from  other  buildings  for 
its  location.  The  coal-bins  for  coke  ovens  28,  the  ovens 
themselves  SO,  and  the  coke-wharves  29  are  of  necessity 
shown  on  the  plan  very  near  the  other  buildings.  The  bins 
28  may  be  either  at  the  tipple  or  at  the  head  of  the  line  of 
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ovens,  about  300  ft.  away  from  the  shaft.  They  should  be 
so  constructed  that  the  larries  can  run  under  the  chutes  and 
thence  to  the  coke-ovens.  The  wharves  29  should  be  so 
arranged  as  to  permit  of  the  convenient  drawing  of  coke, 
with  some  room  for  storage,  and  of  such  a  height  above  the 
coke-car  tracks  as  to  permit  of  the  easy  loading  of  coke  into 
the  coke  cars. 

2574.  The  mine-car  tracks  on  the  surface  are  so  ar- 
ranged as  to  permit  of  the  most  convenient  handling  of 
both  loaded  and  empty  cars,  to  and  from  all  necessary  points 
on  the  surface.  Tracks  a  are  those  on  which  the  loaded 
cars  run  from  the  cage,  over  the  scales  2  to  the  tipples  3. 
The  empty  cars  return  to  the  cage  by  running  around  either 
side  of  the  shaft  on  tracks  d,  and  are  back-switched  onto 
the  cages.  All  these  tracks  are  arranged,  by  means  of  au- 
tomatic hoists  in  the  empty  tracks  at  ^,  so  that  the  cars  are 
run  automatically  from  the  cages  to  the  tipple,  and  thence 
back  to  the*  cages.  Track  /,  on  the  platform  in  front  of  the 
tipple,  is  for  the  storage  of  cars  of  dirty  coal  until  such  a 
time  as  they  can  be  picked  over.  TracTc  ;;/  is  for  cars  that 
need  slight  repairs,  and  which  can  be  conveniently  repaired 
without  running  them  to  the  shops.  Track  o  is  for  cars  of 
rock,  which  are  run  across  the  railroad-tracks  on  the  plat- 
form on  the  trestle,  and  are  dumped  in  a  convenient  place. 
The  arrangement  of  these  tracks  and  the  methods  of  hand- 
ling the  cars,  in  connection  with  the  track  e  for  coal  to 
boilers,  can  be  readily  understood  by  referring  to  the  plan. 

The  arrangement  of  the  tracks  on  the  surface  is  such  as 
to  enable  timber,  supplies,  etc.,  to  be  taken  into  the  mine 
speedily  and  conveniently.  Track  c  running  alongside 
the  timber  and  rail  yard  19  is  used  for  conveying  heavy 
timbers  and  rails  to  the  shaft.  Track  ^,  which  runs  from 
the  surface  landing  of  the  shaft  to  the  hay  and  feed  store- 
house 27,  is  for  conveying  sawed  lumber  from  the  lumber- 
yard J7  and  feed  from  the  feed  storehouse  27  to  the  shaft. 
A  short  piece  of  track  connects  track  c  with  track  d,  so  that 
mine-cars  can  be  loaded  with  props,  ties,  laggings,  etc.,  and 
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be  run  onto  the  cage  at  the  surface  landing.  There  is  also 
a  short  branch  track  run  off  from  track  d^  which  enters  the 
carpenter  shop  16,  This  track  is  used  to  run  crippled  cars 
to  the  shop  and  new  cars  from  the  shop  to  the  shaft.  Track 
//,  which  runs  from  the  front  of  the  boilers  J  to  the  ash  dump, 
is  used  exclusively  for  the  removal  of  ashes.  Track/",  which 
runs  from  a  point  on  track  h  back  of  the  boilers  5  and 
hoisting-engine  ^  and  connects  with  track  </,  is  used  to  take 
ashes  into  the  mine  for  road  ballast,  etc.  A  short  branch 
track  g  is  run  off  this  track  to  the  machine-shop,  so  that 
heavy  pieces  of  machinery  destined  for  use  inside  may  be 
conveyed  to  the  shaft  on  trucks,  or  if  used  outside  they  can 
be  conveyed  in  the  same  manner  to  almost  any  part  of  the 
plant.  The  water-main  from  the-  source  of  supply  may 
enter  the  tank  10  from  any  direction.  The  water-supply 
pipes  from  the  tank  to  various  parts  of  the  works  are  shown 

by  broken  lines,  thus .     The  steam-pipes  from  the 

boilers  are  shown  by  dotted  lines,  thus 

In  studying  this  plan,  the  student  should  remember  that  it 
is  for  a  large  colliery,  and  that  it  is  an  ideal  plan,  and,  there- 
fore, is  subject  to  many  modifications.  It  is  given  simply 
as  a  general  guide  in  laying  out  the  surface  plant. 

If  the  coal  mined  is  used  for  coke-ovens,  the  larry  track 
from  the  coal-bins  to  the  oven  should  be  arranged  as  shown 
at  i. 

2575.  The  railroad-tracks  for  shipping  purposes  are 
shown  on  plan  as  follows  :  A  is  the  empty  shifting  track, 
B  the  lump-coal  track,  C  the  nut-coal  track,  D  the  pea-coal 
track,  E  the  slack-coal  track,  F  the  material  track,  on  which 
supplies  and  machinery  are  received,  and  G  the  coke-car 
tracks.  The  curves  at  the  switches  in  the  shipping  tracks 
are  necessarily  distorted.  They  should  be  7°  30'  curves, 
and  the  frogs  used  should  be  what  are  designated  as  No.  8 
frogs.  But  these  are  points  that  are  decided  by  the  engi- 
neers of  the  railroad  company. 

This  arrangement  is  preferable  to  that  in  Case  II,  for  the 
following  reason^: 
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First. — The  dumping  point  being  nearer  the  other  surface 
works,  the  operations  are  more  concentrated,  and,  therefore, 
more  readily  supervised,  and  they  are  nearer  the  center  of 
repairs  and  supplies. 

Second. — The  location  of  the  storehouses  and  material  and 
timber  yards  can  be  arranged  conveniently  to  the  railroad- 
tracks  as  well  as  to  the  mine,  so  as  to  require  very  little  hand- 
ling of  material. 

2576*  Case  II. — In  this  case  there  is  only  one  landing, 
and  that  on  the  natural  ground,  the  dumping  point  being 
some  distance  from  the  shaft. 

The  arrangement  of  the  surface  works  and  the  tracks 
leading  thereto  will  vary  slightly,  due  to  their  having  the 
same  shaft  landing  as  the  cars  to  and  from  the  mine.  A 
suitable  arrangement  is  shown  in  Fig.  948. 

This  arrangement  may  be  made  necessary  by  certain  con- 
ditions in  mining  requiring  a  shaft  location  at  a  higher 
point  than  the  level  of  the  tipple  dump,  and  sufficiently  high 
for  the  necessary  elevation  of  the  tipple  above  railroad-cars. 

2577.  The  principal  features  in  this  arrangement,  as 
compared  with  Case  I,  are: 

1.  The  head-frame  is  not  so  high,  which  is  an  advantage. 

2.  The  engine  will  be  nearer  the  shaft,  which  may  be  a 
disadvantage  if  more  room  around  the  shaft  is  needed. 

3.  The  arrangement  with  one  landing  facilitates  the 
handling  of  empty  cars,  material,  etc.,  between  the  yard 
and  the  mine,  although  the  arrangement  of  tracks  may 
involve  more  turnouts,  crossings,  etc. 

4.  If  supplies,  lumber,  machinery,  etc.,  are  received  in 
large  quantities  by  railroad,  they  will  require  considerable 
handling  to  bring  them  to  the  yard  level.  This  may  be 
effected  by  a  wagon  road,  or,  if  the  circumstances  warrant, 
by  an  inclined  track,  up  which  the  railroad-cars  can  be 
hoisted  by  a  rope,  as  shown  in  Fig.  948,  at  F. 

For  this  purpose  the  best  plan  of  locating  and  grading 
an  inclined  track  should  be  studied,  in  order  that,  in  the 
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arrangement  of  the  surface  works,  means  can  be  provided  for 
hoisting  cars  of  material  from  the  railroad-tracks  below.  Or, 
if  railroad-cars  of  material  are  not  to  be  hoisted,  then  a  track 
can  be  laid  for  hoisting  smaller  cars  which  will  come  close 
enough  to  the  railroad-track  to  transfer  the  material  to  be 
hoisted. 

2578.  Great  importance  is  attached  to  the  proper  de- 
sign, arrangement,  and  construction  of  the  head-frame,  for 
when  once  erected  and  the  related  structures  have  assumed 
permanent  form,  its  alteration  is  a  serious  matter,  especially 
if  it  involves  a  change  in  the  surroundings.  Therefore,  the 
many  points  bearing  thereon  will  be  dwelt  on  in  some  detail, 
as  will  also  the  arrangement  of  the  landings,  trestles, 
tracks,  and  how  the  coal  is  to  be  handled  at  the  tipple. 
The  arrangement  of  chutes,  screens,  and  whether  the  coal 
is  to  be  picked,  washed,  or  stored  in  bins,  should  be  fully  con- 
sidered, so  that  the  main  outlines  may  be  correct,  and  the 
proper  height  for  dumping  and  sufficient  distance  between 
the  shaft  and  railroad-tracks,  or  dumping  points,  may  be 
secured. 

2579.  By  referring  to  Fig.  948,  it  will  be  seen  that  <he 
same  general  plan  of  concentrating  the  plant  has  been 
followed  as  in  Fig.  947,  but  the  locations  of  the  improve- 
ments are  somewhat  different.  In  this  figure,  the  shaft  is 
shown  at  i,  the  scales  at  2,  the  tipples  at «?,  the  hoisting- 
engine  at  4,  the  main  boilers  at  5,  the  Cornish  or  bull  pump 
at  6*,  the  fan  (in  this  case  an  isolated  ventilating  plant)  at 
7,  the  boilers  for  the  isolated  fan  at  SJf^  the  air-compressor, 
or  electric  plant,  at<f?,  the  underground  haulage  engines  at  9, 
and  if  the  haulage  plant  is  located  away  from  the  main  shaft 
and  the  ropes  conveyed  into  the  mine  through  another 
shaft,  or  through  bore  holes,  a  boiler  plant  33  is  erected 
close  by.  The  tank  is  shown  at  10^  the  wash-house  at  11^ 
the  mine  office  at  iJ,  the  lamp  house  at  13,  the  machine- 
shop  at  Hy  the  blacksmith  shop  at  15,  the  carpenter  shop  at 
16,  the  sawed-lumber  yard  at  17,  the  sawmill  at  18,  the  tim- 
ber and  rail  yard  at  19,  the  supply  house,  with  supply-clerk's 
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office,  at  20^  the  oil  house  at  22,  the  iron  and  pipe  shed  at  23, 
and  the  isolated  powder  house  (in  general  direction)  at  24. 
The  stable  25,  harness  and  wagon  shed  26,  and  the  hay  and 
feed  storehouse  27  are  shown  in  close  proximity  to  each 
other.  The  coal-bins  for  coking  coal  are  shown  at  28,  the 
coke  wharf  at  29,  and  the  line  of  coke-ovens  at  30.  The 
check-clerk's  office  is  shown  at  31  and  the  weighman's 
office  Sit  32. 

The  mine-car  tracks  are  arranged,  as  in  Fig.  947,  so  as  to 
make  it  possible  to  reach  all  parts  of  the  plant  with  cars  or 
trucks.  Track  a  is  the  loaded  track,  passing  over  the  scales 
2  to  the  tipple  3.  Track  b  is  the  empty  track,  over  which 
the  empty  cars  run  by  gravity  from  the  tipple  to  the  me- 
chanical hoist  at  k.  Here  they  are  raised  so  as  to  run  by 
gravity  to  hoist  k',  and  thence  they  run  to  the  shaft.  The 
rock  cars  from  the  shaft  are  run  to  the  rock  dump  over 
track  o,  and  the  cars  of  dirty  coal  are  run  on  the  track  /. 
The  heavy  timber  and  rails  are  taken  to  the  shaft  from  the 
yard  19  over  the  track  c,  and  the  sawed  lumber  is  taken 
from  the  yard  17  to  the  shaft,  tipple,  or  shops  over  track  d. 
The  cars  to  the  shops  and  the  coal  to  the  main  boilers  are 
run  over  track  e.  The  ashes  from  the  main  boilers  are  run 
over  track  A  to  the  dump,  or  over  track  /  to  the  shaft. 
Feed  and  hay  are  taken  to  the  shaft  from  the  hay  and  feed 
storehouse  27  over  track  t.  This  same  track  answers  for 
supplies  from  the  supply  house  20.  Machinery  taken  to 
and  from  the  machine-shop  is  hauled  over  track  e.  Track  u 
on  the  tipple  platform  is  for  empty  rock  cars,  and  track  s  is 
for  cars  needing  slight  repairs.  Coal  for  the  isolated  steam 
plants  at  the  fan  and  haulage  engines  is  transported  over 
tracks  running  off  from  the  main  system  at  the  most  ac- 
cessible points.  The  larry  tracks  to  the  coke-ovens  are 
shown  at  i. 

The  coal-bins  for  coke-oven  supply  may  be  connected  with 
the  main  tipple,  or  they  may  be  some  distance  away,  but  with 
proper  arrangement  of  height  to  run  the  mine-cars  con* 
veniently  to  the  dumps  located  therein. 

The  shipping  tracks  are  as  follows:    A,  empty  shifting 
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track;  B,  lump-coal  track;  Cy  nut-coal  track;  /?,  pea-coal 
track,  and  C,  coke- car  track.  Coke-ovens  may  also  be  located 
on  the  opposite  side  of  the  railroad-tracks  from  the  tipple, 
as  at  *Pj. 

The  water-supply  pipes  from  the  tank  are  shown    thus 

.     The    steam-pipes    thus , 

and  the  rope  for  the  inclined  plane,  in  the  material  track  F 
(worked  by  the  sawmill  engine),  is  shown  thus • 


THE    HEAIKFRAME. 

2580.  The  head-frame  is  for  the  support  of  the  head 
sheaves,  or  wheels,  over  which  the  hoisting  ropes  are  led 
from  the  hoisting-engine,  located  at  some  distance  from  the 
shaft,  and  for  lowering,  raising,  and  landing  the  cages. 

Fig.  940  shows  a  general  outline  of  a  head-frame  built  of 
timber,  and  Fig.  050  shows  a  general  form  for  one  built  of 
iron  or  steel. 

The  head-frame  consists  of  an  upright  part  sufficiently 
strong  to  support  the  load  to  be  hoisted,  whose  weight  is 
transmitted  to  the  structure  through  the  rope  to  the  head 
wheel  Cy  which  may  have  a  bearing  directly  over  the  up- 
right posts,  or  the  bearing  may  be  on  a  stringer,  or  girder, 
spanning  the  shaft-way,  and  resting  on  posts  on  both  sides 
of  the  shaft. 

The  posts  B  may  be  inclined  in  the  direction  of  the  length 
of  the  shaft,  if  necessary,  to  impart  greater  stability  to  the 
structure,  and  for  its  perfect  bracing,  especially  if  the  head- 
frame  is  high. 

They  may  also  be  inclined  in  the  other  direction,  but  this 
is  not  necessary  unless  it  is  desired  to  carry  them  to  founda- 
tions somewhat  distant  from  the  shaft. 

The  tendency  of  the  upright  part  of  the  head-frame  to 
overturning  when  hoisting,  due  to  the  resultant  of  the 
forces  acting  thereon,  is  resisted  by  a  strut,  or  brace,  /?,  ex- 
tending from  the  framework  near  the  sheave  to  the  ground, 
and  in  such  a  direction  that  the  resultant  of  the  forces  will 
lie  between  the  foimdations  of  the  upright  and  the  brace. 
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This  resultant  force  is  due  to  the  weight  of  the  load  and 
the  force  exerted  by  the  engine  in  raising  it,  both  equal, 
and  exerted  in  the  direction  of  the  rope. 

2S81.  Fig.  949  shows  a  timber  head-frame  in  plan,  side 
elevation  and  end  elevation.  A  fan  is  shown  at  £.  The 
yard  landing  is  shown  at  Fand  the  trestle  landing  at  G. 
A  self-dumping  cage  is  shown  at  /f.  with  a  car  ready  for 
dumping  in  the  chutes.  The  levers  for  opening  the  chute 
gates  are  shown  at  /.  The  bars  for  screening  the  coal, 
when  dumped,  are  shown  in  plan  at  fC.  The  shed  L  shown 
in  side  elevation  is  for  a  roof  to  the  chutes,  and  for  such 
tracksor  machinery  as  may  be  required  at  the  trestle  landing. 

25S2<  In  Fig.  950,  which  is  a  side  and  end  elevation  of 
an  iron  or  steel  head-frame,  the  yard  landing  is  shown  at  F 


and  the  coal  landing  is  shown  at  G.     The  location  of  a  pump 
is  shown  at  £. 

2583.  The  direction  and  intensity  of  the  resultant  of 
the  forces  acting  on  the  head-frame  are  determined  by  means 
of  the  parallelogram  of  forces. 

In  Fig.  951,  /;  C  represents  the  direction  of  the  rope  from 
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the  engine  to  the  sheave,  and  D  C  the  direction  of  the  rope 
from  the  shaft  to  the  sheave.     Their  intersection  is  at  C. 

If  the  weight  of  the  cage,  car,  load,  and  rope  is  8,000  lb., 
and  if  a  scale  of  4,000  lb.  to  the  inch  is  assumed,  a  distance 
can  be  laid  off  from  C  to  Z?,  2  inches  long,  which  will  repre- 
sent the  direction  and  intensity  of  strain  due  to  a  vertical 
lifting  of  the  load.  The  weight  of  the  cage,  car,  load,  and 
rope  will  produce  the  same  strain  in  the  rope  in  the  direc- 
tion C  E  that  it  does  in  the  direction  C  Dy  so  that  from  C 


Fig.  051. 

a  distance  C  F  can  be  laid  off  representing  a  strain  of 
8,000  lb.  On  a  scale  of  4,000  lb.  to  the  inch,  C  -Fwill  be 
laid  off  2  inches  long. 

The  resultant  is  now  found  by  drawing  a  line  F  G  parallel 
with  CD,  and  D  G  parallel  with  C F.  From  the  intersec- 
tion G  of  these  lines,  a  line  is  drawn  to  C.  Then,  C  G  will 
represent  the  resultant  in  direction  and  intensity  which, 
measured  to  the  scale,  will  show  a  strain  of  between  14,000 
and  15,000  lb.  The  direction  and  intensity  of  the  resultant 
will  vary  if  the  direction  of  the  underwinding  rope  is  also 
considered. 
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The  strut,  or  brace,  B  is  designed  to  resist  this  thrust,  and 
where  there  are  no  other  strains  to  be  considered  the  direc- 
tion of  the  brace  would  be  theoretically  in  the  direction  of 
the  line  C  G,  There  are  vibrations  caused  by  the  variable 
strains  in  hoisting,  and  by  the  movement  of  the  ropes, 
which  would  subject  the  structure  to  injurious  strain  if  the 
braces  were  too  near  the  line  of  the  resultant. 

Therefore,  the  direction  of  the  brace  will  be  somewhere 
between  the  resultant  and  the  line  of  the  underwinding 
rope  of  the  engine,  or  its  direction  will  be  such  that  the 
angle  between  it  and  the  resultant  will  include  ^  or  ^  of 
the  angle  formed  by  the  resultant  and  the  line  of  the  under- 
winding  rope. 

The  brace  should  have  a  batter  of  from  1  to  2  inches  to 
the  foot,  so  as  to  be  wider  at  its  foundation  than  at  the  top, 
for  greater  stability  and  better  bracing. 

It  may  be  found  necessary  to  provide  space  for  a  Cornish 
or  other  pump  near  the  shaft,  or  for  the  movement  of  cars 
around  the  shaft.  This  may  be  arranged  by  drawing  in  or 
spreading  the  brace,  provided  the  limits  indicated  are  not 
exceeded. 

2584.  In  the  design  of  the  head-frame,  proper  clear- 
ance in  the  structure  should  be  allowed  for  the  movement 
of  the  cars  at  the  landings,  and  for  passing  cars  around  to 
the  rear  of  the  shaft,  if  such  an  arrangement  is  desired. 

The  material  of  which  the  head-frame  is  built  will  be 
wood,  iron,  or  steel.  Generally  the  former  is  selected  for 
moderate  outlay,  or  where  operations  are  of  a  more  tem- 
porary character.  Iron  or  steel  head-frames  are  adopted 
for  operations  of  greater  magnitude,  for  high  head-frames, 
or  where  timber  is  scarce,  or  where  hoisting  is  deep  and 
rapid.  The  strains  are  better  resisted  in  a  metal  structure 
than  in  a  wooden  one. 

Wooden  head-frames  are  built  with  each  post  of  single 
timbers  12,  14,  or  16  inches  square,  or  they  may  have  com- 
posite posts  made  by  joining  and  bolting  G'x  12'  or  7'x  14' 
timbers.     In  this  case,  the  uprights  supporting  the  sheaves 
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have  4  such  timbers  in  each  post.  The  upright  on  the 
opposite  side  of  the  cage  has  2  such  timbers  in  its  posts,  as 
has  also  the  main  brace. 

Iron  or  steel  head-frames  are  built  of  angle-irons,  with 
web  of  lattice  or  plate.  Channel-iron  is  also  used,  joined 
with  lattice  bracing,  forming  a  hollow  post. 

Angle-irons  are  generally  ^'x  2*',  3'x  3',  or  4'x  4',  used 
in  sets  of  2  or  4,  braced  with  ^'x  2'  iron,  about  8  inches 
deep  or  more.  Channel-irons  are  generally  8  to  12  inches 
deep,  joined  with  ^'x  2^^  braces. 

The  height  of  the  head-frame  to  the  sheave  center  varies 
from  35  to  50  ft.  at  shafts  with  only  one  landing,  and  from 
50  to  85  ft.  in  height  for  shafts  landing  on  a  trestle.  The 
distance  from  the  foundations  to  the  tipple  landing  depends 
upon  the  height  above  railroad-tracks  needed  for  dumping 
or  for  filling  bins,  supplying  coke-ovens,  etc. 

2585.  Where  the  coal  is  to  be  loaded  on  railroad-cars, 
and  only  one  or  two  sizes  are  produced  without  much  hand- 
ling or  screening,  a  height  of  24  feet  is  sufficient ;  for  pro- 
ducing three  or  four  sizes,  a  height  of  about  30  feet  is 
required;  and  if  any  handling  or  cleaning  of  the  coal  is 
necessary,  a  height  of  35  or  more  feet  is  necessary,  unless 
the  ordinary  bar  screens  are  replaced  by  a  shaking  screen  and 
elevators  to  diminish  the  height  of  the  structure.  Where 
coke-ovens  are  to  be  supplied,  a  height  of  at  least  30  to  3G 
feet  above  the  railroad-tracks  at  the  coke-ovens  is  required 
for  dumping  directly  into  the  larry  without  the  interven- 
tion of  bins  for  storing  coal.  Bins  should  be  provided,  and 
generally  a  height  of  60  to  (55  feet  for  the  tipple  platform 
above  railroad-tracks  at  coke-ovens  will  afford  sufficient 
bin  room. 

This  height  of  the  tipple  platform  may  be  reduced  if 
screenings  are  to  be  used  in  coking,  or  the  coal  is  to  be 
washed.  This  will  necessitate  some  intermediate  handling 
of  the  coal  by  conveyers  or  elevators,  in  passing  it  from  the 
tipple  to  the  coal  washer  or  coke-ovens.  In  this  case  it  is 
preferable  that  the  height  of  the  structure  be  a  minimum. 
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The  screenings  may  be  raised  by  elevators  or  in  cars  on  a 
plane  to  the  dumping  points  at  the  ovens  or  the  washer. 

The  height  from  the  tipple  platform  to  the  center  of  the 
head  sheaves  varies  from  25  to  40  feet,  depending  upon  the 
height  of  the  cage  and  the  clearance  needed  for  safety 
devices.     A  height  of  35  feet  is  generally  sufficient. 


DISTANCE    OF    ENGINE    FROM    THE   SHAFT. 

2586.  The  engine  should  be  located  at  a  sufficient 
distance  from  the  shaft  to  allow  the  rope  to  wind  evenly  on 
the  drums,  and  so  that  the  coils  on  the  drums  will  not 
loosen  when  the  cages  rest  on  the  landings.  The  longer 
the  lead  of  the  ropes,  the  better  they  will  coil  on  the  drums. 

In  some  cases  the  location  of  the  engine  near  the  hoist- 
ing shaft,  with  the  ropes  leading  therefrom  in  a  nearly 
vertical  position,  can  not  be  avoided. 

Too  great  a  distance  of  the  engine  from  the  hoisting 
shaft,  with  heavy  ropes,  may  result  in  the  weight  of  the 
rope  between  the  head  sheaves  and  the  engine  raising  the 
cage  a  few  inches  from  the  tipple  landing  when  the  loaded 
car  is  removed. 

It  is  usual  to  make  the  horizontal  distance  of  the  center 
of  the  engine-drums  from  the  center  of  the  shaft  from  one 
to  one  and  a  half  times  the  vertical  height  of  the  center  of 
the  sheaves  above  the  center  of  the  engine  drums. 

For  high  head-frames  this  horizontal  distance  is  1  to  1.3 
times  the  vertical  distance;  for  low  head-frames  from  1  to 
1.5  times  the  distance. 

If  in  a  head-frame  this  vertical  distance  is  70  feet,  then 
the  horizontal  distance  will  be  from  70  to  91  feet.  If  the 
height  is  50  feet,  the  horizontal  distance  will  be  Go  to  75  feet. 

2587.  The  end  of  the  engine  foundation  is  sometimes 
arranged  for  the  foundation  of  the  back  brace  of  the  head- 
frame.  In  this  case  the  brace  is  caused  to  lie  at  a  consid- 
erable distance  from  the  resultant.  The  arrangement  of 
the  tracks  at  both  landings  and  the  possible  future  need  of 
Structures   near  the  shaft  for  pumping,   ventilation,   etc., 
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should  be  considered  in  connection  with  the  planning  of  the 
head-frame.  In  order  to  provide  the  necessary  clearance 
and  space,  the  posts  of  the  upright  part  of  the  head-frame 
can  be  planned  near  or  at  some  feet  from  the  shaft,  and 
with  little  or  considerable  batter,  provided  the  limits  are 
not  exceeded. 

The  points  where  the  posts  and  the  brace  penetrate  the 
platform  and  strike  the  ground  should  be  noted  with  rela- 
tion to  the  proposed  tracks.  Either  the  arrangement  of  the 
tracks  or  the  head-frame  can  be  altered  to  suit,  and  the 
spread  of  the  brace  can  be  varied  somewhat  to  provide  some 
clearance  in  front  of  its  posts  or  between  them,  at  either 
the  tipple  or  yard  landing. 


ARRANGEMENT    OF   TRACKS. 


ARRANGEMENT    ^KTHERB    THE  TIPPLE  LANDING    IS  ON    A 

TRE8TL.E. 

2588.  The  tracks  between  the  shaft  and  tipple  may  be 
very  short  or  long,  varying  with  the  particular  conditions 
and  requirements  of  the  mine.  There  are  three  cases  under 
which  the  length  of  tracks  may  be  considered,  viz. : 

1.  In  the  case  of  a  self-dumping  cage,  as  shown  in  Fig.  949, 
where  there  will  be  no  tracks  between  the  shaft  and  tipple. 

2.  Where  the  car  is  moved  off  of  the  cage  a  distance 
about  equal  to  its  length  and  dumped  and  returned,  or,  if 
the  arrangement  will  permit,  the  cars  are  dumped  on  both 
sides  of  the  cage,  as  shown  in  Fig.  952,  in  which  A  is  the 
shaft  and  B  the  tipples  on  both  sides  of  the  shaft. 

3.  Where  arrangements  make  it  desirable  to  remove  cars 
from  the  cage,  and  arrange  passing  tracks  for  loads  and 
empties  and  for  running  rock  cars  to  the  dumps,  which 
may  be  either  in  the  coal  tipple  or  at  a  distance.  This  third 
arrangement  is  in  most  general  use, 

2589.  The  arrangement  of  the  self-dumping  cage  can 
be  used,  provided  it  is  not  desirable  for  any  reason  to  fre- 
quently remove  the  cars  from  the  cage  at  the  top  of  the 
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shaft.  Under  certain  conditions,  the  depth  and  rapidity  of 
the  hoist,  size  of  load,  the  amount  and  handling  of  rock, 
cleaning  of  coal,  and  the  steadiness  with  which  cars  can  con- 
tinue in  use  without  removal  from  the  cage  outside,  will 
determine  its  use. 

Rock  can  be  handled  bya  self-dumping  cage  by  providing 
a  rock  chute  at  the  rear  of  the  shaft,  or  through  a  trap-door 
in  the  coal  chute,  as  shown  at  A  in  Fig.  941>. 

If  the  coal  requires  picking  to  remove  slate,  it  can  be  done 
by  introducing  a  belt  conveyor  at  the  foot  of  the  screens  for 
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the  lump  coal  to  land  on.  This  should  be  about  i  feet  wide 
and  long  enough  to  allow  sufficient  time  for  picking  before 
it  discharges  into  a  bin  or  the  railroad-cars. 

It  is  important  that  a  self-d,umping  cage  allows  the  coal 
or  rock  to  free  itself  entirely  from   the  car  in   dumping, 
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whether  wet  or  dry,  and  that  the  time  required  produces  no 
serious  delay. 

For  the  arrangement  in  the  second  case  it  is  preferable 
that  the  coal  be  clean,  and  that  little  rock  is  to  be  handled, 
although,  as  in  the  first  case,  the  rock  can  be  handled  and 
the  coal  cleaned  as  indicated.  This  plan  also  requires  that 
cars  must  not  be  frequently  changed  outside. 

2500.  In  the  third  case  there  are  two  arrangements,  as 
follows: 

1.  Where  both  the  removal  of  loaded  cars  from  the  cage 
and  the  return  of  empty  cars  thereto  is  done  at  the  front 
of  the  shaft. 

2.  Where  the  loaded  cars  are  removed  at  the  front  of  the 
shaft  and  the  empty  cars  are  returned  to  the  cages  at  the 
rear  of  the  shaft. 

In  either  case  there  will  be  one  or  more  empty  cars  on  the 
platform,  in  readiness  to  be  put  on  the  cages  when  the 
loaded  cars  are  removed. 

The  distance  needed  between  the  shaft  and  the  tipple  will 
depend  upon  the  arrangement  of  the  tracks  and  the  switching 
room  required  for  the  lo  led  and  empty  cars,  and  possibly  for 
rock  cars.  Generally  2./  o  60  ft.  will  be  sufficient,  although 
longer  tracks  can  be  used  if  necessary. 

2591.  First  Arrangement. — In  this  case  it  may  be 
necessary  to  dump  the  cars  at  one  tipple.     An  arrangement 
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of  tracks  for  this  purpose  is  shown  in  Fig.  953,  although 
where  only  one  dump  is  employed  it  is  preferable  that  it  be 
one  on  the  principle  of  the  Mitchell,  the  Wilson,   or  the 
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Phillips  dump,  which  allov/s  the  cars  to  pass  beyond  the 
tipple  after  dumping.  These  latter  arrangements  are 
described  under  the  head  of  tipples. 

2592.  The  arrangement  shown  in  Fig.  953  requires 
longer  tracks  than  where  there  are  two  tipples.  In  this 
arrangement  the  cageways  are  shown  at  £,  E^  the  tipple 
at  /%  the  loaded  track  at  (x,  the  empty  tracks  at  //,  //,  and 
the  rock  track  at  /.  At  A,  A^  A^  A  are  point-rails,  at 
B,  B,  B  spring-latches,  at  C  a  throw  switch,  or  latches,  and 
at  Z^  a  latch  which  is  moved  by  the  foot. 

Rock  can  be  switched  out  as  shown  and  carried  to  the 
rock  dumps  wherever  located.  An  arrangement  of  tracks 
leading  to  two  tipples  is  shown  in  Fig.  954. 

In  this  case  E^  E  show  the  cageways  and  /%  F  the  tipples. 
The  loaded  cars  run  straight  to  the  tipples  and  the  empty 


Fig.  964. 

car  is  returned,  by  the  curved  tracks  and  switches,  to  the  . 
cage  opposite  the  one  on  which  it  was  hoisted  and  from 
which  a  loaded  car  has  just  been  removed.  The  rock  cars 
are  run  out  on  tracks  //,  f/.  By  referring  to  the  plan,  it 
will  be  seen  that  an  arrangement  of  point-rails  3.tA,  A,  A^  A, 
of  spring-latches  at  /?,  /?,  i),  i>,  and  of  throw  switches  at 
Cy  C  will  be  very  effective.  These  tracks  require  very  little 
distance  from  the  shaft  to  the  tipple. 

2593.     Another   arrangement,  shown  in   Fig.    955,  will 
permit    of    holding    several    empty    cars.       In    this    case, 
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however,  the  loaded  and  empty  cars  hoisted  and  lowered  on 
the  one  side  can  not  be  crossed  over  to  the  other  side,  which 
is  desirable  in  some  cases. 

2694.     In  Fig.  955,  as  in  Fig.  954,  E^  li  show  the  cage- 
ways,  /%  -Fthe  tipples,  and  //,  H  the  rock  roads.     The  loaded 
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tracks  (7,  G  run  straight  from  the  shaft  to  the  tipples, 
while  the  empty  tracks  /,  /  are  of  the  nature  of  turnouts. 
The  arrangement  of  switches  is  as  follows:  Ay  A^  A^  A^ 
point-rails;  B^  5,  B,  B^  spring-latches;  C,  C,  throw 
switches,  or  latches. 

If  it  is  necessary  to  cross  cars  over  from  one  side  to  the 
other,  the  two  center  tracks  can  be  brought  together,  form- 
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ing  three  tracks  at  the  center,  and  resolving  into  two 
tracks  at  the  shaft  and  tipple.  This  arrangement  is  shown 
in  Fig.  956. 
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2595.  In  Fig.  956,  E^  E  show  the  cageways  and  7%  F  the 
tipples.  G  is  the  loaded  track,  /,  /  the  empty  tracks,  ana 
//,  H  the  rock  tracks.  A  is  a  double  throw  switch,  B  spring- 
latches,  and  C,  C,  Cy  C  single  throw  switches,  or  latches. 

If  there  is  any  rock  to  be  handled,  it  can  be  switched  out, 
as  shown,  and  led  to  distant  rock  dumps  to  the  right  or  left 
or  beyond  the  tipple,  or  to  rock  chutes  in  the  tipple  struc- 
ture, where  the  rock  can  be  held  in  bins,  and  finally  removed 
in  railroad-cars. 

2596.  Second  Arrangement. — Where  the  empty 
cars  are  to  be  returned  to  the  cages  by  the  rear  of  the  shaft  on 
a  trestle,  it  is  generally  done  by  back-switching,  as  shown  in 
the  tipple  tracks  in  Fig.  947. 

Where  speed  is  required,  this  arrangement  is  preferable 
to  that  of  returning  the  empty  cars  to  the  cage  on  the  same 
side  from  which  the  loaded  cars  are  removed,  as  the  loaded 
car  can  be  pushed  off  the  cage  by  the  empty  car  as  the  latter 
is  being  pushed  on. 

2597.  In  Fig.  947  a  track  for  handling  the  rock  is 
shown.  If  there  is  no  rock,  the  tracks  between  the  shaft  and 
the  tipple  can  be  made  straight. 

Instead  of  tracks  at  the  rear  of  the  shaft,  steel  plates  can 
be  used  for  the  cars  to  run  on,  which  will  not  require  as 
much  length  as  the  tracks  with  their  switches. 

Where  a  system  of  tracks  becomes  very  complicated  on 
the  tipple  landing,  on  account  of  the  room  and  number  of 
switches  required  for  the  shifting  of  the  cars,  steel  plates 
can  be  used  on  the  tipple  platform  in  place  of  the  system  of 
tracks.  Very  little  distance  is  needed  in  this  case  between 
the  shaft  and  the  tipple  and  at  the  rear  of  the  shaft.  The 
disadvantage  of  steel  plates  is  in  their  tendency  to  wear  in 
grooves,  if  of  inferior  material.  Further,  they  are  so  slip- 
pery that  it  is  difficult  for  the  men  to  get  a  foothold  to  push 
tne-  cars;  and  the  cars  do  not  run  upon  them  as  easily  as 
upon  rails. 

It  may  be  necessary,  in  some  mining  operations  where 
small  cars  are  used,  to  hoist  two  cars  side  by  side  on  a  wide 
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cage.  In  this  case  a  tipple  platform  laid  with  plates  is 
preferable,  and  permits  also  of  putting  the  empty  cars  on 
the  cage  at  the  rear  of  the  shaft. 

In  planning  the  tracks  on  the  tipple  landing,  the  loaded 
tracks  should  be  straight  and  as  free  as  possible  from  switches, 
or  open  points,  to  avoid  the  necessity  of  pushing  cars  sideways 
to  clear  the  switches. 

Sufficient  room  should  be  allowed  at  the  rear  of  the  shaft 
in  case  of  back-switching,  or  for  the  introduction  of  some 
mechanical  device  for  the  removal  of  the  loaded  cars  from 
the  cage  and  the  shifting  of  empty  cars  thereon. 

2698.  There  are  two  classes  of  apparatus  for  shifting 
cars,  known  as  car-stalftiiifl:  devices,  one  the  invention  of 
Mr.  Robert  Ramsay,  the  other  that  of  Mr.  F.  B.  Parrish. 
In  the  former  a  ram  pushes  the  empty  car  against  a  loaded 
car  on  the  cage.  The  empty  car  is  thus  placed  on  the  cage 
and  the  loaded  car  pushed  off  and  continues  on  a  track  about 
32  feet  long,  with  a  fall  of  4  inches,  to  the  tipple.  After 
being  dumped,  the  car  is  switched  to  an  empty  track,  pass- 
ing to  one  side  of  the  shaft.  This  track  is  about  50  feet  long, 
having  a  fall  of  8  inches,  and  lands  the  empty  car  on  a  truck, 
which  is  moved  up  an  incline  at  right  angles  to  the  line  of 
the  tipple  platform,  and  thus  raises  the  car  up  the  vertical 
height  of  1  foot  which  it  has  descended  in  moving  from  the 
cage  to  the  tipple  and  from  there  to  the  truck. 

When  the  empty  car  is  thus  brought  opposite  the  loaded 
car  on  the  cage,  the  power  is  applied  to  the  ram  automati- 
cally, and  the  process  repeated  of  pushing  an  empty  car 
against  a  loaded  car  on  the  cage,  moving  the  latter  to  the 
dump  and  placing  the  former  on  the  cage,  in  readiness  to  be 
lowered. 

This  apparatus  requires  a  distance  of  about  28  feet  to  the 
rear  of  the  shaft,  and  a  width  of  about  40  feet  for  the  first  10 
feet,  and  16  feet  in  width  for  the  remaining  30. 

2599.  The  apparatus  designed  by  Mr.  F.  B.  Parrish 
operates  as  follows: 

The  platform  of  the  cage  inclines  towards  the  tipple,  so 
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that  when  the  car  is  released  from  the  lock  holding  it  on  the 
cage,  it  moves  towards  the  tipple  on  a  track  about  30  feet 
long,  having  a  fall  of  about  1  foot. 

A  rope  is  operated,  first  in  one  direction  and  then  in  the 
other,  by  an  engine  located  about  23  feet  back  of  the  shaft, 
and  to  one  side  of  the  platform  and  below  it. 

This  rope  operates  in  a  plane  about  6  feet  above  the  tipple 
platform,  and  passes  from  the  engine  up  to  an  overhead 
pulley,  and  then  continues  by  the  side  of  one  cage  compart- 
ment to  the  side  of  one  of  the  tipples,  and  from  this  tipple 
to  the  second  one,  and  then  back  by  the  side  of  the  other 
cage  compartment  to  a  pulley  23  feet  back  of  the  shaft,  and 
on  the  other  side  of  the  platform  from  the  engine.  From 
this  pulley  it  passes  to  the  engine. 

A  chain  attached  to  this  rope  has  a  hook  which  is  attached 
to  the  hinge  of  the  car  door,  and  when  the  car  has  been 
emptied  at  the  tipple  the  rope  is  operated  to  carry  the  car 
on  the  empty  track,  about  50  feet  long,  around  the  side  of 
the  shaft,  and  up  an  elevation  of  18  inches  to  a  truck  op- 
erated by  the  same  engine,  and  carrying  the  empty  car 
opposite  the  cage.  The  empty  car  is  then  moved  on  the  cage 
at  the  same  time  that  the  loaded  car  is  removed.  The  empty 
car  rests  on  an  inclined  track  on  the  truck,  and  at  sufficient 
elevation  to  move  to  the  cage  by  gravity  when  released. 

In  both  these  devices,  the  shifting  trucks  are  arranged  so 
that  when  one  is  moifing  the  empty  car  to  the  position 
opposite  the  cage  of  one  compartment,  the  other  truck  is. 
moving  to  position  for  receiving  the  empty  car  for  the 
other  compartment.  This  apparatus  requires  a  distance  of 
about  24  feet  to  the  rear  of  the  shaft  and  a  width  of  32  feet. 

2600.  If  the  arrangement  of  tracks  or  lack  of  space 
prevents  the  use  of  the  preceding  arrangements,  mechanical 
lifts  can  be  introduced  at  some  portion  of  the  return  empty 
tracks,  where  they  are  straight,  as  at  the  sides  of  the  shaft, 
in  Fig.  947,  and  the  cars  can  be  raised  sufficiently  high  to 
continue  over  the  back  switches  at  the  rear  of  the  shaft. 

The  usual  style  of  lift  is  made  of  sprocket-chain  arranged 
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in  the  center  of  the  track  for  a  length  of  6  or  10  feet,  as 
required,  and  having  a  rise  of  from  1  in  5  to  1  in  3.  Lugs 
are  attached  to  the  chain  at  intervals,  which  move  the  car 
by  pushing  against  its  axle,  bumpers,  or  blocks  bolted  to  the 
bottom  of  the  car.  The  advantage  of  car-shifting  devices  is 
the  increased  rapidity  with  which  the  cars  are  handled. 

2601.  The  usual  grades  with  gravitating  tracks  are  as 
follows: 

For  loaded  cars  a  steep  grade  is  provided  at  the  start.  It 
is  about  i  or  ^  inch  to  the  foot  for  10  or  15  feet,  and  the  bal- 
ance of  the  distance  is  at  the  rate  of  G  inches  per  100  feet  for 
straight  track,  and  more  if  tracks  are  uneven  and  curved. 

The  return  empty  track  can  have  a  short  steep  grade  of  } 
to  1  inch  to  the  foot  for  the  first  10  feet,  and  at  the  rate  of 
9  to  12  inches  per  100  feet  for  the  balance  of  the  distance. 
If  the  short  steep  grades  produce  too  great  a  difference  in 
the  elevation  of  the  tracks,  they  can  be  omitted,  as  the  cars 
can  be  given  a  start  by  being  pushed  by  hand. 


ARRANGBMBNT    IfVHBRB    THE    SHAFT  HAS  ONB  COMMON 
LANDING  LEADING  TO  THE   TIPPLE   AND  TO  THE 

YARD   LEVEL. 

2602*  It  is  desirable  in  this  case  that  the  shops,  supply 
houses,  and  material  yards  be  located  conveniently  to  the 
return  empty  track  and  its  branches. 

Generally,  around  or  near  the  air-compartment  side  of  the 
shaft  will  be  located  one  or  more  of  the  buildings  for  venti- 
lation, pumping,  air-compressors,  an  electric  plant,  or  an 
engine  for  underground  haulage.  The  location  for  the 
empty  return  track,  and,  therefore,  the  shops,  yard,  etc., 
may  have  to  be,  on  this  account,  on  the  opposite  side  of  the 
shaft  from  the  air  compartment. 

If  the  tracks  between  the  shaft  and  the  tipple  are  short, 
their  plan  will  be  similar  to  the  arrangements  already  ex- 
plained for  returning  the  cars  to  the  cages,  either  by  the 
front  or  rear  of  the  shaft,  with  some  modifications  for  switch- 
ing cars  between  the  mine  and  shops  and  yards  by  means 
of  turnouts  or  crossings. 
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If  the  distance  is  long  between  the  shaft  and  the  tipple, 
the  loaded  tracks  from  the  cages  should  be  led  together  at  a 
short  distance  from  the  shaft,  and  one  loaded  track  be  used 
to  the  tipple. 

After  dumping  at  one  or  more  tipples,  the  empty  cars 
should  be  switched  or  crossed  over  to  one  empty  track  re- 
turning to  the  shaft,  from  which  branch  tracks  turn  off  to 
repair-shops,  lumber-yard,  etc. 

Another  track  with  branches  should  be  turned  off  from 
the  loaded  track  near  the  shaft,  and  run  to  the  yards.  Over 
this  track  coal  is  taken  to  the  boilers,  and  the  crippled  cars, 
machinery,  and  other  material  from  the  mine  are  taken  to 
the  shops  and  the  yard. 

2603.  In  Fig.  948  is  given  an  ideal  arrangement  of 
tracks  in  the  case  of  a  shaft  with  only  one  landing,  where 
the  empty  cars  make  a  half  circuit  in  returning  to  the  shaft. 
This  plan  is  preferable  to  the  arrangement  of  back-switch- 
ing of  cars,  provided  there  is  sufficient  room  outside  for  the 
curved  tracks  and  the  arrangement  of  the  shaft  bottom  will 
permit  of  its  adoption. 

In  this  plan,  the  empty  cars,  on  arriving  at  the  rear  of  the 
shaft,  have  their  door  ends  reversed. 

This  requires  the  tracks  at  the  shaft  bottom  to  be  similar 
to  the  arrangement  on  the  outside,  so  that  cars  will  be 
headed  correctly  into  the  mine. 

Some  shaft  bottoms  are  planned  especially  to  introduce 
this  arrangement. 

If  the  conditions  do  not  permit  of  using  this  system  of 
tracks,  they  can  be  made  nearly  parallel,  and  arranged  for 
the  return  of  the  empties  to  the  mine  by  the  front  or  rear 
of  the  shaft  by  back-switching,  as  shown  in  Fig.  957,  and 
the  main  features  in  switches  and  branch  tracks  can  be 
still  maintained. 

2604.  In  Fig.  957  the  shaft  is  shown  at  1,  the  scales  at 
2y  and  the  tipples  at  3.  The  hoisting-engines  are  shown  at 
4,  the  boilers  at  5,  the  Cornish,  or  bull,  pump  at  ^,  and  the 
fan,  which  may  be  some  distance  away  from  the  rest  of  the 
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plant,  is  shown  at  7.  The  electric  or  compressed-air  plant  is 
shown  at  8^  and  the  underground  haulage  plant  is  shown  at 
9,  The  wires  from  the  electric  plant,  or  pipes  from  the 
compressed-air  plants,  as  well  as  the  ropes  from  the  haul- 
age plant,  enter  the  mine  through  the  pump  compartment 
of  the  hoisting  shaft.  The  tank  for  water-supply  is  shown 
at  10^  the  wash-house  at  ii,  the  mine  office  at  12^  the  lamp 
house  at  IS,  the  check-clerk*s  office  at  31,  and  the  weigh- 
man's  office  at  32.  The  machine-shop  is  shown  at  H.  The 
blacksmith  shop  15,  with  an  addition  for  tools,  is  shown 
alongside  of  the  carpenter  shop  16.  The  sawed-lumber 
yard  17  is  close  to  the  carpenter  shop,  and  adjoining  it  is  the 
sawmill  18.  The  timber  and  rail  yard  is  shown  at  19. 
The  supply  house  is  shown  at  20,  the  oil  house  at  22,  and  the 
iron  and  pipe  shed  is  shown  at  23,  the  latter  being  con- 
venient to  both  the  machine-shop  and  blacksmith  shop. 
The  powder  house  is  shown  at  2^.  As  mentioned  in  de- 
scribing other  plans,  the  powder  house  should  be  located 
at  least  1,000  feet  away  from  other  buildings.  The  stable 
25  and  the  harness  and  wagon  house  26  are  side  by  side. 
The  hay  and  feed  storehouse  27  is  located  alongside  the 
material  track,  with  a  wharf  for  receiving  feed  on  the  side 
next  the  track.     It  is  also  close  to  the  stable. 

2605.  In  this  arrangement,  the  loaded  cars  from  the 
shaft  1  are  run  over  tlie  track  a  to  the  scales  2,  and  thence 
to  the  tipples  3.  The  empty  cars  return  to  the  shaft  by 
track  b.  The  rock  cars  are  run  to  the  dump  over  track  o  on 
one  side  of  the  tipples,  and  are  returned  to  the  shaft  over 
track  u  on  the  other  side.  The  cars  of  dirty  coal  are  run 
onto  track  /,  and  car^  needing  repairs  are  run  on  track  s. 
Timber  and  rails  are  taken  to  the  shaft  over  track  c,  and  the 
supplies  are  taken  to  the  shaft  over  track  c  or  track  d. 
Sawed  lumber  and  machinery  are  moved  to  any  part  of  the 
plant  by  means  of  track  d.  Empty  cars  are  taken  to  the 
yard  or  to  the  carpenter  shop  on  track  /.  Hay  and  feed  are 
taken  to  the  shaft  over  track  t.  The  railroad-tracks  are 
arranged  under  the  tipple,  as  in  Fig.  948.    The  empty  shifting 
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track  is  shown  at  Aj  the  lump-coal  track  at  B^  the  nut- 
coal  track  at  C,  and  the  pea-coal  track  at  D.  The  track  for 
material  to  the  timber-yard,  oil  house,  hay  and  feed  store- 
house, etc.,  is  shown  at  F.  If  necessary,  an  inclined  plane 
can  be  put  in  this  track,  up  which  loaded  cars  can  be 
pulled  by  a  wire  rope  attached  to  a  drum  run  by  the  saw- 
mill engine.     The  location  of  the  rope  in  such  a  case  is 

shown  as .     The  water-supply  pipes  are  shown 

thus .    The  steam-pipes  are  shown  thus 

2606.  In  some  plants  the  peculiar  position  of  the  tip- 
ple with  relation  to  the  shaft  and  other  buildings  renders 
the  plan  of  half-circuit  tracks  more  feasible  for  the  return  of 
empty  cars  to  the  shaft,  and  if  the  reversed  position  in  which 
they  arrive  there  is  not  desired,  they  are  turned  on  plates 
located  at  the  rear  of  the  shaft  before  entering  the  mine. 

If  the  tracks  make  a  half  circuit  at  the  tipple  and  also  a 
half  circuit  at  the  rear  of  the  shaft,  the  cars  will  have  made 
a  full  circuit,  and  arrive  at  the  shaft  headed  the  same  way 
as  when  they  left  it. 

In  any  of  the  arrangements  of  tracks  where  the  distance 
is  great  between  the  shaft  and  the  tipple,  they  can  be  made 
gravitating,  and  mechanical  lifts  introduced  at  some  one  or 
more  points  where  the  empty  and  other  cars  all  pass  over 
the  same  track  in  returning  to  the  mine,  as  shown  in  Fig.  948. 

If  the  difference  in  the  elevations  of  the  various  tracks  is 
very  great  and  occurs  in  the  yard,  it  may  prove  a  disadvan- 
tage, so  that  it  is  preferable  that  the  mechanical  lift  in  this 
case  be  near  the  tipple,  and  the  elevation  of  the  yard  be  kept 
nearly  level. 

A  second  mechanical  lift  may  be  necessary  at  the  rear  of 
the  shaft  to  overcome  some  slight  differences  of  elevation  in 
the  track,  if  the  turnout  from  the  loaded  track  to  the  yard 
is  made  gravitating. 

The  location  of  a  mechanical  lift  at  the  rear  of  a  shaft  is 
objectionable  unless  other  tracks  exist,  so  that  heavy  ma- 
chinery, lumber,  etc.,  will  not  have  to  be  handled  over  it. 

If  it  is  desired  to  maintain  the  system  of  tracks  between 
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the  shaft  and  tipple  at  a  level,  an  endless  rope  can  be  intro- 
duced, moving  in  the  direction  of  the  loads  and  to  one  side 
or  over  the  cars,  and  returning  in  the  direction  of  the 
empty  track.  

YARD  TRACKS. 

2607.  Branch  tracks,  conveniently  arranged  according 
to  the  conditions  and  requirements,  will  be  needed  in  the 
yard,  in  the  several  directions,  as  shown  in  Figs.  947,  948, 
and  957,  for  the  following  purposes : 

1.  Tracks  for  handling  heavy  timbers,  rails,  piping,  etc., 
which  will  have  to  be  transferred  to  the  cages.  (See  tracks 
r.  Figs.  947,  948,  and  957. ) 

2.  Either  the  same  or  other  tracks  for  loading  sawed 
lumber,  props,  hay,  feed,  etc.,  onto  cars  going  into  the  mine 
from  various  storehouses.  These  cars  will  generally  run 
directly  onto  the  cages.  (See  tracks  d^  Figs.  947,  948,  and  957. ) 

3.  Tracks  to  the  carpenter  shop  for  cars  needing  repairs. 
(See  tracks  d,  Figs.  947  and  948,  and  track/.  Fig.  957.) 

4.  Track  to  the  machine-shop  for  handling  machinery  on 
trucks  from  the  various  points  above  and  below  ground. 
(Tracks,  Fig.  947,  track  e.  Fig.  948,  and  track  ^/,  Fig.  957.) 

5.  Tracks  to  the  boilers  for  coal,  unless  the  boilers  are 
handy  to  railroad-tracks  and  can  be  more  conveniently  sup- 
plied from  railroad-cars  loaded  with  coal  or  screenings. 
(Tracks  e.  Figs.  947,  948,  and  957.) 

If  there  are  isolated  plants  using  boilers,  coal  should  be 
supplied  thereto  by  branches  from  the  mine  or  railroad- 
tracks  as  most  convenient. 


SPECIAL   FEATURES   IN   BUILDINGS  AT  SHAFT 

MINES. 

2608.  The  arrangements  and  features  of  each  of  the 
buildings  in  the  mine  plant  will  be  explained  farther  on,  but 
a  few  important  points  in  their  arrangement  at  shaft  mines 
should  be  mentioned  here. 

The  danger  in  case  of  fire,  where  timber  is  used  in  the 
construction  of  many  of  the  buildings  that  of  necessity  are 
so  near  the  shaft,  makes  it  advisable  that  the  head-frame, 
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platform,  and  structure  be  built  ot  iron  or  steel,  also  the 
tipple  structure  if  it  is  near  by.  All  roofs  should  be  of  cor- 
rugated iron. 

If  the  engine  and  boiler  houses  have  corrugated  roofs,  the 
greatest  danger  in  case  of  fire  there  is  overcome,  but  greater 
safety  is  secured  if  their  walls  also  are  built  of  stone,  brick, 
or  corrugated  iron. 

If  a  fan  house  is  located  near  the  third  compartment  of 
the  shaft,  it  should  also  be  made  fireproof  with  brick  walls 
and  iron  casing  and  roof. 

The  carpenter,  blacksmith,  and  machine  shop  and  other 
buildings  can  be  sufficiently  removed  so  as  not  to  be  sources 
of  danger  in  case  of  fire ;  although,  if  the  cost  of  con- 
struction can  be  incurred,  they  should  be  made  fireproof. 
In  the  latter  cases,  the  risk  of  the  loss  of  each  building 
and  consequent  delays  to  the  operations  are  principally 
concerned. 

With  wooden  buildings  surrounding  the  shaft  opening, 
there  is  risk  of  the  total  destruction  of  the  property,  inside 
and  outside,  as  well  as  the  possible  loss  of  life  in  case  of  fire. 


VENTILATING  PLANT. 

2609*  As  there  are  generally  two  openings  to  a  shaft- 
mine,  it  is  preferable  that  the  ventilating  plant  be  erected 
at  the  second  opening  and  not  at  the  third  compartment  of 
the  hoisting  shaft,  so  as  to  leave  this  compartment  open  as 
an  air  inlet,  also  for  pipes  or  rods  for  pumping,  ropes  for 
haulage,  or  air-pipes,  or  electric  wires  for  haulage,  coal 
cutting  and  pumping  underground,  as  the  case  may  require. 

It  is  well  to  have  a  fan  erected  near  the  third  compart- 
ment for  use  in  case  of  emergency,  and  connected  there- 
with by  an  underground  conduit  just  below  the  surface. 
(See  Fig.  947.)  The  air  compartment  can  remain  open,  free 
from  obstructions,  until  it  should  be  necessary  to  use  the 
fan,  when,  by  closing  certain  doors,  always  in  readiness,  at 
the  top  and  bottom  of  the  shaft,  the  ventilation  can  be  con- 
trolled as  may  be  desired,  in  case  of  accident  to  the  other 
fan  or  in  other  emergencies. 
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SURFACE  ARRANGEMENTS  AT  A  MINE 
OPENED  AT  A  POINT  BELO^V  THE 

TIPPLE  LEVEL. 


GENERAL  PLAN. 

26  lO.  The  distinctive  features  wherein  a  mine  opened 
at  a  point  below  the  level  of  the  tipple  differs  from  mines 
opened  otherwise,  are  in  the  arrangements  necessary  for 
hoisting  trips  of  cars  with  ropes  on  an  incline  more  or  less 
steep  and  long,  and  finally  landing  on  a  nearly  level  plat- 
form, where  they  are  dumped;  also  in  the  connection  of 
the  slope  and  yard  tracks,  more  especially  where  the  tipple 
is  at  a  higher  elevation  than  the  yard  tracks,  and  cars  must 
be  lowered  or  hoisted  by  the  slope  engine  in  shifting  them 
between  the  slope  and  yard  tracks. 

Sometimes  but  one  or  two  cars  are  hoisted  at  a  time,  due 
to  a  short  haul,  requiring  very  little  power  and  small  land- 
ing room.  Generally  from  six  to  fifteen  cars  are  hoisted  at 
a  time,  requiring  long  landing  room  and  powerful  engines, 
which  make  it  important  that  the  latter  be  located  on  line 
with  the  slope  and  trestle  at  some  convenient  point,  so  that 
the  structure  can  be  properly  braced,  and  no  complicated 
strain  brought  to  bear  on  the  sheaves  at  the  knuckle  and 
points  where  the  rope  changes  direction. 

In  this  particular  the  location  of  the  engine  on  line  with 
the  slope  is,  perhaps,  of  more  importance  than  at  a  drift  mine, 
because  at  a  drift  mine  either  the  power  required  for  the 
haulage  of  long  trips  is  not  so  great  as  at  the  slope  or  the 
surface  location  of  the  tracks,  where  curves  are  required, 
permit  of  a  solid  foundation  for  the  sheaves,  so  that  the 
ropes  can  be  led  to  the  engine,  whether  located  on  line  with 
the  drift  or  not. 

2611.  A  slope  mine  differs  from  a  shaft  mine,  but  is 
similar  to  a  drift  mine  in  the  following  respects: 

1.  The  lowering  and  hoisting  of  men  and  mules  is  not 
necessary  unless  the  slope  is  very  steep,  as  a  second  opening 
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is  generally  provided  for  their  entrance  and  outlet,  although 
in  some  cases  they  enter  by  the  haulage  road. 

2.  Stables  for  mules  are  not  usually  built  underground, 
in  which  case  it  is  not  necessary  that  hay  or  feed  be  lowered 
into  the  mine,  unless  it  is  for  the  noon-day  meal. 

3.  Long  timbers,  pipe,  rails,  etc.,  can  be  conveniently 
lowered  into  the  mine,  whereas  at  a  shaft  mine,  unless  proper 
provision  is  made  at  the  top  and  bottom  and  cages  are  con- 
veniently arranged,  it  is  sometimes  inconvenient,  if  not 
impossible,  to  handle  material  of  lengths  as  great  as  desired. 

261 2.  A  general  arrangement  for  a  slope  is  shown  in 
Pig.  958.  In  this  case  the  landing  platform  and  tipple  is 
between  the  mine  outlet  and  the  railroad-tracks,  and  the 
ground  is  comparatively  level,  with  the  mine  outlet  near  the 
trestle.  In  this  figure,  which  shows  a  plan  of  the  outside  ar- 
rangements, with  an  elevation  of  the  trestle  and  a  cross-sec- 
tion of  the  trestle  at  the  knuckle,  the  mouth  of  the  slope  is 
shown  at  i,  with  an  extension  of  its  grade  to  a  point  high 
enough  for  a  trestle  with  height  enough  above  the  railroad-. 
tracks  for  the  tipple.  The  scales  are  shown  on  the  trestle 
platform  at  2^  directly  over  the  engines  ^  and  the  dumps  are 
shown  at  3.'  The  boiler  house,  with  coal-bins  in  front,  is 
shown  at  5.  The  compressed-air  or  electric  plant  is  shown  at 
8.  The  tank  for  water-supply  is  shown  at  10^  and  the  water- 
supply  pipes  are  shown  thus .     The  wash-house  is 

shown  at  11,  the  mine  office  at  12,  and  the  lamp  house  at  13. 
The  machine-shop  H,  blacksmith  shop  15,  carpenter  shop  16, 
and  iron  and  pipe  house  23  are  shown  in  a  group,  which  is  an 
arrangement  that  is  most  convenient.  The  sawmill  18, 
timber-yard  19,  and  sawed-lumber  yard  17  are  also  conveni- 
ently grouped.  The  supply  house  20,  oil  house  22,  and  the 
clerk's  office  21  are  also  conveniently  located.  The  powder 
house  2J!f,  is  not  shown,  but  arrows  indicate  its  approxi- 
mate location,  about  1,000  feet  from  all  other  buildings.  The 
stables  25,  harness  and  wagon  house  26,  and  hay  and  feed 
storehouse  27  are  located  as  near  each  other  as  possible. 
The  manway  or  traveling  way  3Jf,  is  shown  in  connection 
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with  the  fan  7.  These  may  be  located  several  hundred  yards 
away,  in  which  case  a  separate  steam  plant  will  be  required 
for  the  fan.  If  the  manway  and  fan  are  located  but  a  short 
distance  off,  steam  can  be  supplied  to  the  fan-engine  from 
the  main  boiler  plant  6.  ^  Or,  if  far  away  and  there  is  an 
electric  plant,  the  fan  may  be  run  by  a  motor,  fed  by  wires 
from  the  dynamos.     The  steam-pipes  from  the  boilers  are 

shown  thus The  coal-bins  for  coke-oven  supply  are 

shown  at  28,  the  coke-ovens  at  30,  and  the  coke  wharves  at  29. 

There  are  a  few  exceptions  to  this  general  arrangement, 
which  will  be  referred  to  farther  on. 

The  length  of  the  trestle  platform,  as  shown  in  Fig.  958, 
will  depend  upon  the  number  of  cars  to  be  hoisted  and  the 
amount  of  shifting  of  cars  necessary,  also  whether  rock  is 
to  be  handled. 

2613.  The  system  of  tracks  is  arranged  so  that  the 
loaded  cars  from  the  mine  are  drawn  up  and  over  the  knuckle 
and  on  to  a  center  track  a,  which  is  slightly  elevated,  so  as 
to  have  a  down  grade  of  1.66^  towards  the  tipple.  The 
4oads  are  then  distributed  to  the  tipples,  and  when  dumped 
they  are  run  to  either  of  the  empty  tracks  ^  on  the  outside 
of  the  loaded  tracks,  which  have  a  down  grade  of  2^  towards 
the  knuckle  to  facilitate  their  movement.  The  cars  are 
collected  from  the  knuckle  towards  the  engine  and  held  by 
a  **stop  "  at  the  knuckle. 

A  rope  is  attached  to  the  rear  of  the  trip,  and  when  it  is 
to  be  lowered  the  **  stop  "  is  removed,  and  the  incline  of  the 
tracks  is  sufficient  to  start  th6  cars  towards  the  slope. 

In  the  passing  of  the  loads  from  the  slope  tracks  to  the 
high  center  elevated  track,  there  is  some  friction  of  the  ropes 
against  the  side  of  the  elevated  structure,  requiring  guides 
or  sliding  pieces  made  of  wood  and  laid  from  the  inside  rail 
of  the  empty  tracks  to  the  outside  of  the  rails  of  the  loaded 
tracks,  so  as  to  reduce  the  wear  on  the  rope  and  guide  its 
movement  up  from  the  sheaves  and  to  one  side  of  its  slope 
line.  The  empty  cars,  in  returning  to  the  mine,  carry  the  rope 
to  the  proper  center  line  before  passing  over  the  knuckle. 
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In  this  arrangement  the  lead  between  the  sheaves  and  the 
point  where  the  loads  turn  out  to  the  center  track  should 
be  long.  If  the  angle  at  the  knuckle  is  too  great,  drums  are 
better  than  sheaves  at  the  knuckle,  for  the  ropes  will  leave 
them  more  readily,  as  the  loaded  trips  pull  the  rope  sideways. 

In  this  system  of  three  tracks,  sufficient  length  is  provided 
for  accumulating  two  trips  on  each  side.  The  rope  lies 
between  the  tracks  from  the  knuckle  to  the  sheaves,  where 
the  rope  passes  down  to  the  engine,  so  as  to  be  out  of  the 
way  in  shifting  cars,  and  not  in  the  center  of  the  tracks. 

Sufficient  distance  should  be  allowed  from  the  engine  to 
the  sheaves  5,  deflecting  the  ropes  from  the  platform  to  it, 
so  that  the  coiling  on  the  drum  will  be  perfect.  This  dis- 
tance depends  upon  the  width  of  the  drum  and  the  load ; 
45  feet  will  be  sufficient  with  a  small  drum  and  light  load, 
although  the  longer  the  distance  the  better.  One  hundred 
feet  is  sufficient  in  all  cases,  and  if  this  distance  is  needed 
and  can  not  be  obtained  in  the  direction  of  the  engine  from 
the  sheave  S,  shown  in  Fig.  958,  the  engine  can  be  located 
under  the  trestle  in  the  opposite  direction  from  the  sheave. 

2614.  An  examination  of  the  plan  of  tracks  on  Fig.  958 
will  show  that  loaded  rock  cars  are  run  to  the  dump  over 
track  0,  and  the  empty  cars  are  returned  over  track  u. 
Dirty  coal  is  switched  on  to  track  /  and  crippled  cars  are 
switched  on  to  track  s.  Coal  for  the  boilers  is  run  over 
track  e.  Cars  are  hoisted  from  and  lowered  to  the  yard 
level  on  tracks  w  by  the  hoisting-engine.  Timber,  lumber, 
and  rails  are  taken  to  the  slope  over  track  c.  Cars  are 
taken  to  and  from  the  carpenter  shop  over  track  d.  Ashes 
are  taken  from  the  boiler  house  to  the  ash  dump  over  track 
/.  All  of  these  tracks  connect  with  tracks  ^,  which  in  turn 
connect  with  tracks  w.  The  larry  tracks  from  the  coal- 
tins  28  to  the  coke-ovens  30  are  marked  t. 

The  railroad-tracks  are  arranged  as  follows:  Ay  empty 
shifting  track;  B^  lump-coal  track;  C,  nut-coal  track;  /?, 
slack  track,  and  /%  material  track,  or  track  on  which  sup- 
plies in  carload  lots  are  received. 
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TRACKS. 

26 1 5.  Fig.  959  shows  an  arrange- 
ment of  tracks  wherein  an  overhead 
traveling  pulley  is  employed  to  guide 
the  rope  in  raising  the  loaded  cars 
to  an  elevated  track  which  has  a 
down  grade  to  the  tipple,  and  for 
returning  the  empty  cars  accumula- 
ting on  an  empty  track  with  a  down- 
grade to  the  slope.  The  empty  track 
switches  into  the  straight  slope  track, 
similar  to  the  arrangement  in  Fig. 
958. 

In  this  arrangement  the  sheaves 
A  and  Z^are  stationary.  The  sheave 
B  is  mounted  on  a  truck  which  moves 
along  a  level  track.  When  starting 
to  hoist  the  load,  the  truck  and  its 
sheave  are  in  the  position  B^  but  by 
the  time  the  load  has  passed  the 
knuckle  and  is  running  along  the 
loaded  track  a  the  truck  has  moved 
to  the  position  B'.  When  the  empty 
cars  on  track  d  are  attached  to  the 
rope  and  they  are  lowered,  the  truck 
leaves  the  position  B'  and  runs  along 
to  the  position  B.  The  loaded  track 
a  has  a  fall  of  1. 60^  towards  the  dump, 
and  the  empty  track  d  has  a  down 
grade  from  the  dump. 


PUMPING  AT  A  SLOPB  MINB. 

2616.  The  advancing  face  of  the 
slope  or  dip  workings  requires  that 
the  pumping  plant  be  continually 
extended  with  the  increasing  depth 
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of  the  mine.  A  very  common  practice  has  been  to  carry 
a  line  of  steam-pipe  from  the  boilers  on  the  surface  down 
the  slope,  or  by  a  separate  pipe-way,  to  a  steam-pump 
located  underground.  This  sometimes  results  in  steam 
doing  much  damage,  and  it  is  a  source  of  danger. 

If  a  power  is  to  be  carried  from  the  plant  near  the  tipple 
to  distant  points  underground  for  pumping,  either  com- 
pressed air  or  electricity  should  be  used,  and  not  steam. 

In  order  to  avoid  the  great  length  of  pipes  in  long  slopes 
and  reduce  the  expense  of  pumping,  it  is  best  to  bore  two 
holes  or  sink  a  shaft  from  the  surface  to  meet  the  face  of 
the  dip  workings,  and  erect  a  pumping  plant  on  the  surface 
at  that  point. 

In  this  case  power  can  also  be  transmitted  through  the 
bore-holes  or  shaft  for  use  in  pumping,  hauling,  or  coal  cut- 
ting at  distant  points  underground.  Provision  should  be 
made  in  this  case  for  supplying  the  plant  with  coal,  carried 
thereto  on  mine  or  railroad  cars,  or  by  a  rope  tramway. 


ARRANGEMENTS     OF     SURFACE    >VORKS     FOR 

SPECIAL  CONDITIONS. 

2617.  In  some  instances  the  distance  between  the 
trestle  and  the  mouth  of  the  drift  or  slope  mine  may  be  very 
long.  In  this  case  it  will  be  found  more  convenient  to  erect 
most  of  the  shops,  storerooms,  stables,  material  yard  and 
offices  near  the  mine  opening,  as  in  the  surface  arrange- 
ments at  a  drift  mine.  The  location  of  the  machine-shop 
will  depend  upon  whether  most  of  the  machine-work  is  inside 
the  mine  or  on  the  surface. 

If  the  slope  enters  the  hillside  under  such  conditions  that 
there  is  considerable  ground  at  the  same  elevation  as  the 
platform  of  the  tipple,  and  readily  reached  by  level  tracks, 
the  shops  may  be  erected  thereon,  and  tracks  run  to  them 
from  the  empty  tracks  on  the  tipple  platform.  The  location 
of  the  storerooms  and  material  yard  should  be  at  such  points 
as  are  most  convenient.  If  at  a  lower  level,  they  can 
be    reached  by  an   inclined    track   or   wagon    road.     This 
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arrangement  is  shown  in  Fig.  960,  with  a  system  of  tipple 
tracks  that  is  suitable  for  any  slope.  The  tracks,  how- 
ever, are  not  gravitating. 

261 8.     In  Fig.  960  the  mouth  of  the  slope  is  shown  at 
i,  the  engine  under  the  platform  at  4f  and  the  sheaves  for 


FlO.  960. 

the  ropes  at  s,  s.  The  tipple  dumps  are  shown  at  3,  The 
boilers  are  shown  at  5,  the  compressed-air  or  electric  plant 
at  <?,  the  supply  house  at  20^  and  the  lumber  and  material 
yard  at  19;  these  are  all  located  convenient  to  the  railroad. 
The  carpenter  shop  16,  the  blacksmith  shop  IS,  and  the  ma- 
chine-shop i^  are  convenient  to  the  slope  and  at  a  suitable 
height  to  have  a  level  track  (/  run  from  them  to  the  plat- 
form.    The  loaded  cars  from  the  slope  are  run  over  tracks 
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a  to  the  tipple,  and  the  empty  cars  are  returned  to  the  slope 
over  tracks  b.  The  inclined  tracks  w  are  used  to  connect 
that  portion  of  the  plant  near  the  railroad  with  the  trestle 
and  the  buildings  on  the  hillside.  The  cars  are  hoisted  up 
the  inclines  by  a  rope  from  a  drum  in  the  machine-shop. 
This  rope  is  shown  thus . 

The  inclined  tracks  w  to  the  yard  and  buildings  at  the 
lower  level,  for  hoisting  lumber,  etc.,  can  be  arranged  near 
the  slope  and  be  operated  by  the  slope  rope  by  introducing 
sheaves,  etc.,  for  its  deflection  to  the  line  of  the  inclined 
tracks. 

The  relative  location  of  the  railroad-track  with  respect  to 
the  line  of  the  slope  may  be  such  that  it  will  require  consid- 
erable curvature  in  the  tracks  to  bring  the  coal  to  the  dump- 
ing point.  The  center  line  of  the  engine  and  that  part  of 
the  platform  supporting  the  ropes  can  be  kept  on  line 
with  the  center  line  of  the  slope,  and  from  the  sheaves  or 
the  knuckle  the  alinement  of  the  tracks  and  trestle  can  be 
given  the  necessary  curvature  to  reach  the  railroad -tracks. 
Or,  if  the  railroad-tracks  lie  beyond  the  slope  from  the 
engine,  tracks  can  be  led  to  a  tipple  by  back-switching  the 
cars  after  they  land  on  the  platform. 

261 9.  The  trestle  should  not  be  made  to  cross  the  mouth 
of  the  slope  unless  built  of  fire-proof  material,  so  as  to  avoid 
danger  in  case  of  fire.  If  the  distance  is  short  between  the 
railroad-tracks  and  the  knuckle,  the  engine  can  be  located 
and  the  tipple  and  chute  arranged  as  shown  in  Fig.  961  in 
plan  and  elevation. 

The  points  in  common  on  both  plan  and  elevation  are  the 
mouth  of  the  mine  1\  the  knuckle  ^,  the  sheaves  for  deflect- 
ing the  rope  5,  and  the  tipples  Jf,  The  location  of  the  en- 
gine is  shown  at  5,  and  the  slack,  nut,  and  lump  coal  tracks 
are  shown  at  C,  /?,  and  A^  respectively. 

The  loaded  tracks  from  the  slope  to  the  tipples  are  shown 
at  by  by  and  the  empty  tracks  at  a^  a.  The  inclined  tracks 
to  the  yard  are  shown  at  r,  r. 

In  some  slope  arrangements  the  grade  is  so  steep  that  it  is 
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necessary  to  employ  a  device  called  a  **  dummy,"  or  platform 
car,  for  raising  the  car.     Only  one  car  is  hoisted  at  a  time. 
This  arrangement  will  be  explained  under  inclined  planes 


Fig.  961. 


as  its  operation  is  very  similar,  whether  coal  be  lowered  or 
hoisted. 

2620.  The  minimum  grade  on  which  empty  cars  will 
return  of  their  own  weight,  and  draw  the  rope  along  with 
them,  depends  upon  the  number  of  cars  in  the  trip,  and  re- 
sistances at  the  engine,  and  friction  of  the  rope  on  the  road- 
way and  rollers. 

Under  certain  conditions,  empty  cars  will  descend  on  a 
grade  of  3^^,  but  the  resistance  met  with  in  slopes  makes  it 
unwise  to  depend  upon  the  ordinary  types  of  slope  haulage 
engines  for  grades  less  than  5<^.  Even  with  h'j^  grade,  the 
slope  should  not  be  more  than  1,000  feet  long.  There 
should  be  four  or  more  cars  in  a  trip,  and  loaded  cars  should 
not  be  hoisted  at  the  same  time.  The  trip  should  be  started 
with  some  headway  at  the  knuckle. 

It  is  better  to  have  the  grade  7^  to  8,^^,  and  for  slopes 
longer  than  1,000  feet  this  should  be  the  grade  for  the  balance 
of  the  distance,  when  the  grade  is  lA  for  the  first  1,000  feet. 
For  less  grades  than  the  above,  the  engine  should  be  ar- 
ranged for  operating  as  an  endless  or  tail  rope  engine. 
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SURFACE  ARRANGEMENTS    AT    MINES 

OPENED  BY  DRIFTS. 


ARRANGEMENTS  ON  A  HILLSIDE,  WHERE  CARS 
CAN   BE   RUN    BY    GRAVITY    TO   THE   TIPPLE. 

262 1«  The  particular  features  wherein  a  mine  opened 
as  above  differs  from  other  mine  openings  are: 

1.  In  the  movement  of  the  coal  to  the  outside. 

This  is  done  by  a  haulage  way  to  the  outlet  over  level  or 
nearly  level  roads,  for  which  either  mules,  endless  or  tail 
rope  haulage,  steam,  electric,  or  compressed-air  locomotives 
are  used. 

The  haulage  may  be  in  trips  of  from  one  to  ten  cars  with 
mules,  and  from  about  twenty  to  forty  cars  with  rope  or 
locomotives,  although  in  some  instances  more  cars  are  hauled. 

2.  In  the  drainage  of  the  mine,  which  seldom  requires 
the  handling  of  water  to  any  great  height,  as  it  will  usually 
flow  to  the  outside  by  the  gradual  fall  in  that  direction.  If 
it  does  not,  the  mine  can  be  drained  by  the  arrangement  of 
siphons,  or  of  light-pressure  pumps,  for  raising  water  to 
small  heights  from  local  swamps  or  dips. 

2622.  The  usual  height  of  mine  openings,  opened  as 
above,  and  near  the  dumping  point,  should  be  from  20  to  35 
feet  above  the  railroad-track. 

The  height  of  a  railroad-c^r  being  about  7  to  9  feet  above 
the  rail  requires  that  the  tipple  platform  be  11  to  13  feet 
above  the  railroad,  in  which  case  no  gravity  system  of 
screening  can  be  arranged.  In  this  case  the  coal  is  usually 
dumped  directly  into  the  railroad-car. 

Short  screens  can  be  arranged  with  tipples  16  feet  high, 
but  for  perfect  screening,  either  revolving  or  shaking 
screens  will  have  to  be  introduced  for  this  height.  Where 
the  drift  is  lower  than  the  tipple  platform,  it  should  be  ar- 
ranged, if  possible,  to  locate  the  tipple  and  drift  opening 
some  distance  apart,  so  as  to  haul  the  loaded  cars  up  grade 
by   mules,    rope,  or  motors  to  the  height  desired  for  the 
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tipple.  If  this  is  not  possible,  and  where  the  drift  opening  is 
10  feet  or  more  below  the  tipple  platform,  an  incline 
should  be  introduced  to  raise  the  cars  to  the  tipple. 

The  height  of  the  tipple  may  be  greater  than  35  feet,  but 
it  is  preferable  to  avoid  too  long  a  chute  and  to  introduce 
special  appliances  described  farther  on ;  or,  if  there  is  suffi- 
cient height,  the  mine  may  be  operated  with  a  gravity  plane. 

Where  the  coal  is  dumped  into  bins  for  coke-ovens,  the 
tipple  may  be  60  feet  above  the  railroad-tracks. 

The  short  time  and  small  outlay  necessary  in  opening  a 
drift  mine  frequently  results  in  the  location  and  arrange- 
ment of  the  surface  works  for  the  immediate  needs  of  the 
operation,  and  without  a  view  as  to  the  possible  requirements 
of  the  future. 

2623.  If  the  arrangements  and  their  location  are  of  a 
temporary  nature,  no  serious  drawbacks  will  be  experienced, 
as  they  can  be  readily  removed  or  altered,  if  improvement 
is  found  necessary,  with  increasing  and  more  extended 
operations. 

If,  however,  one  structure  after  another  is  added  and  en- 
largements made  to  satisfy  temporary  needs,  the  arrange- 
ment is  apt  to  assume  a  permanent  character,  which  in  the 
usual  locations  of  drift  openings,  due  to  the  limited  ground 
between  the  hillside  and  the  railroad-tracks,  makes  altera- 
tions and  rearrangement  of  the  plant  difficult.  More  es- 
pecially is  this  the  case  if,  in  addition  to  the  mine  plant, 
coke-ovens  or  coal-washing  plants  have  been  erected  in  the 
neighborhood,  and  are  also  to  be  enlarged. 

Therefore,  due  consideration  should  be  given  to  the  plan- 
ning of  the  arrangement  at  the  start,  so  as  to  early  provide 
for  future  possibilities.  It  is  important  in  this  respect  that 
the  mine  opening  be  straight  and  properly  located,  so  as  to 
facilitate  haulage. 

Plenty  of  room  should  be  allowed  between  the  mine  outlet 
and  the  tipple  for  tracks  and  sidings. 

In  the  early  operations,  the  tipple  may  be  built  on  line 
with  the  drift  when  the  ground  is  limited  between  them, 
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but  is  sufficient  for  the  length  of  tracks  needed  at  the  open- 
ing of  the  mine. 

If  longer  tracks  are  needed  in  the  future,  it  may  be  nec- 
essary to  erect  the  tipple  at  some  distance  to  the  left  or 
right  of  the  drift,  and  carry  the  tracks  thereto,  with  curves 
at  the  outlet  and  also  at  the  tipple.  It  is  well  to  keep  in 
view  this  possible  change  in  the  arrangement,  so  that  per- 
manent structures  will  not  be  erected  on  the  ground  that 
may  be  needed  for  this  purpose,  and  so  that  shops  and 
buildings  erected  conveniently  with  respect  to  the  first  ar- 
rangement will  also  be  handy  to  any  future  improvement. 


ARRANGEMENT   OF   TRACKS. 

2624.  A  general  arrangement  of  the  surface  works  at 
a  drift  mine  is  given  in  Fig.  962.  The  tracks  from  the  out- 
let to  the  tipple  and  at  the  tipple  are  shown  developed  for 
a  system  of  rope  haulage,  and  for  a  case  where  there  is  con- 
siderable landing  room  between  the  outlet  and  the  tipple, 
which  permits  of  locating  the  haulage  engine  on  line  with 
the  drift  and  only  slightly  curving  the  tracks. 

The  tracks  may  be  made  straight  and  the  engine  room 
built  beneath  the  trestle,  or  if  the  ground  is  limited  between 
the  drift  and  the  tipple,  the  engine  could  be  located  to  one 
side  of  the  drift  and  ropes  led  thereto,  by  curving  horizon- 
tally at  sheaves  erected  at  a  proper  point. 

The  same  system  of  tracks  could  be  used  for  mule  haulage, 
although  a  complete  arrangement  of  two  tracks,  one  fgv 
loaded  cars  and  the  other  for  empty  cars,  would  be  suffi- 
cient in  this  case. 

2626.  The  principal  feature  in  the  arrangement  of  the 
buildings  at  a  drift  mine  is  the  requirement  that  they  be 
generally  located  along  the  contour  of  the  hillside,  with  very 
narrow  and  long  yard  room.  In  Fig.  962  the  arrangement 
shows  the  buildings,  yards,  and  outside  tracks  on  a  level  with 
the  haulage  tracks  from  the  mine. 

The  boilers  and  engines  should  be  built  either  on  a  level 
with  the  mine  or  railroad-tracks,  as  the  extent  and  slope  of 
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the  ground  as  well  as  other  conditions  may  require.  But 
in  any  event  they  should  be  located  near  the  one  or  the  other. 
If  the  conditions  are  such  as  to  permit  of  all  the  buildings 
being  erected  at  the  yard  level  of  the  mine,  it  will  pro\e  the 
most  satisfactory  for  concentration  of  the  work.  This  can 
generally  be  arranged  if  small  amounts  of  supplies  and  ma- 
terial are  received  by  railroad  and  their  handling  is  not  a 
difficult  matter,  and  if  lumber,  props,  etc.,  are  cut  on  the 
surface  of  the  property,  or  near  by,  and  are  delivered  close 
to  the  mouth  of  the  mine  by  teams  or  a  tram-road.  Or,  if 
the  material  and  supplies  for  the  mine  are  received  mostly 
by  railroad,  an  inclined  road  can  be  built,  as  shown  in  Fig. 
962  at  F\  for  hoisting  railroad-cars  to  the  mine  yard  level. 

2626.  As  in  other  general  plans,  there  are  more  im- 
provements shown  in  Fig.  962  than  are  generally  necessary 
at  any  one  mine.  The  object  of  this  is  to  show  how  any  of 
them  that  may  be  necessary  can  be  arranged.  The  mouth 
of  the  drift  is  shown  at  1,  the  scales  at  the  tipple  and  also  at 
the  coal-bins  for  coking  coal  are  shown  at  ^,  the  main  tip- 
ples for  shipping  coal  at  t^,  the  haulage  engines  at  P,  the  fan 
at  7,  the  compressed-air  or  electric  plant  at  8,  and  the 
boiler  house  with  coal-bin  in  front  at  5,  The  tank  for  the 
water-supply  is  shown  at  10^  and  the  supply-pipe  lines  from 

it  are  shown  thus .     The  mine  office  is  shown 

at  12,  and  the  lamp  house  at  13,  The  machine-shop  H, 
blacksmith  shop  15,  and  carpenter  shop  16  are  shown  in 
close  proximity  to  each  other  and  to  the  sawmill  18,  sawed- 
lumber  yard  17,  timber-yard  19,  and  the  iron  and  pipe  shed 
23.  The  locomotive,  electric  or  air,  that  may  be  used  in 
distant  workings  beyond  the  rope  haulage  is  housed  in  a 
building  36  adjoining  the  machine-shop.  It  enters  the  mine 
through  opening  35,  over  track  c.  The  supply  house  20 
and  supply-clerk's  office  21  are  shown  together.  The  oil 
house  22  is  shown  at  a  point  on  the  line  of  the  supply  track 
F',  convenient  for  the  reception  of  oil  from  railroad-cars. 
The  stable  25,  wagon  and  harness  house  26,  and  the  hay  and 
feed  storehouse  27  are  located  close  together.     The  airway 
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for  the  mine  is  shown  at  Sj^,  The  coal-bins  for  the  two 
banks  of  coke-ovens  are  shown  at  28.  The  ovens  are  marked 
30  and  the  coke  wharves  29.  At  33  is  located  a  hoisting- 
engine  to  hoist  cars  up  an  incline  from  the  drift  to  the  level 
of  the  platform  on  the  coal-bins,  if  the  topography  makes 
such  an  arrangement  necessary.  The  weighman's  office  is 
marked  31.     The  ropes  from  the  haulage  engines  9  to  the 

drift  mouth  are  shown  thus • • , as  are  also  those 

from  the  sawmill  to  the  inclined  tracks  F\  over  which  rail- 
road-cars loaded  with  supplies  can  be  raised  to  the  level  of 
the  storehouses,   yards,    and  shops.     The  steam-pipes  are 

marked 

The  mine-car  tracks  are  marked  as  follows:  /?,  loaded 
tracks  from  drift  mouth  to  tipples  or  coking-coal  bins;  ^, 
empty  tracks  from  tipples  and  coal-bins  to  drift  mouth ;  c, 
track  to  blacksmith-shop,  machine-shop,  sawed-lumber  yard, 
etc. ;  d,  track  to  carpenter  shop  and  timber  and  rail  yard ; 
^,  track  for  boiler  coal;  ^,  track  for  rock  cars  to  dump;  /, 
track  on  which  cars  of  dirty  coal  are  switched ;  A,  track  for 
larries  to  coke-ovens.  The  railroad-tracks  are  marked  as 
follows:  A,  empty  shifting  tracks;  B,  lump-coal  track;  C, 
nut-coal  track;  Z?,  slack  track;  /%  material  or  supply  track, 
which  is  inclined  at  -F';  (7,  coke-car  loading  tracks,  and  //, 
empty  coke-car  shifting  track. 

2627.  Conditions  may  prevail  which  make  it  most  ad- 
vantageous to  locate  the  material  yard,  storeroom,  etc., 
near  the  railroad-tracks  to  avoid  delay  in  unloading  ma- 
terial, and  to  locate  the  carpenter,  blacksmith,  and  possibly 
the  machine-shop  at  the  mine  yard  level. 

Any  hauling  of  material  from  the  railroad  to  the  mine  can 
then  be  done  over  a  wagon  road  or  inclined  tracks  for  rail- 
road or  mine  cars,  as  may  be  found  convenient. 

The  stable  and  feed  room  should  be  located  at  such  a 
point  as  will  be  convenient  for  the  traveling  of  mules  to  and 
from  the  mine,  without  their  having  to  pass  over  any  haul- 
age roads  that  are  fully  occupied  with  cars  and  ropes.  This 
is  especially  the  case  if  the  ground  is  steep  back  of  the  drift 
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mouth,  and  a  roadway  can  not  be  constructed  there  from  one 
side  of  the  drift  to  the  other. 

2628.  Figs.  963  and  964  show  arrangements  of  tracks 
and  engine  where  the  space  between  the  drift  mouth  and 
the  tipple  is  limited.  Fig.  963  shows  the  engine  located  to 
one  side  of  the  drift,  and  a  device  for  storing  or  holding  empty 
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cars  outside  at  a  plant  where  the  locations  of  the  drift  outlet 
and  tipple  have  become  fixed. 

In  this  case  the  loaded  track  a  has  a  fall  of  1  ft.  in  100  ft. 
from  the  drift  mouth  to  the  tipple  J,  and  the  empty  track  b 
has  a  similar  fall  from  its  junction  with  the  loaded  track  a 
to  its  junction  with  the  storage  track  c.  This  storage  track 
c  has  a  fall  of  16  in.  per  100  ft.  away  from  the  drift  mouth 
from  the  point  d.  By  referring  to  the  figure,  it  will  be  seen 
that  the  tail-rope  haulage  is  operated  by  the  ropes  running 
around  the  large  sheaves  5,  and  that  there  is  an  endless-rope 
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mechanism   attached   to   the   engines  by  a  friction-clutch 
which  actuates  the  endless  rope  around  sheaves  S\  by  means 
of  which  and  the  dummy  i  the  empty  trip  is  made  up. 


2629.  Fig.  964  shows  a  tipple  located  at  some  distance 
and  to  one  side  of  the  line  of  the  drift,  so  as  to  provide 
necessary  length  of  tracks  outside. 

In  this  case  the  drift  mouth  is  shown  at  1,  the  tipples  at 
3,  the  tail-rope  engines  at  P,  and  the  boilers  at  6.  The 
sheaves  around  which  the  main  ropes  run  are  marked  s^  and 
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those  around  which  the  tail-ropes  run  are  marked  s'.  The 
loaded  tracks  from  the  drift  mouth  to  the  tipples  are  marked 
a,  the  empty  tracks  b,  and  the  track  to  the  shops  and  yard  c. 

The  surface  works  should  be  located  handy  to  the  return 
empty  tracks,  so  that  cars  can  be  switched  out  and  back 
without  crossing  the  loaded  track. 

In  the  case  of  the  two  outside  tracks  being  the  empty 
ones,  as  shown  in  Fig.  962,  cars  from  one  side  can  be  shifted 
to  the  desired  side  by  switching  around  the  tipple. 

Tracks  for  coal  to  the  boiler  should  also  be  provided.  In 
Fig.  962  the  coal  to  the  boilers  and  the  rock  is  switched  out 
on  the  track  between  the  two  tipples,  and  the  coal  is  back- 
switched  to  the  boilers  over  track  e. 
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SURFACE  ARRANGEMENTS    AT    A    MINE  OPEN- 
ED   BY    A    DRIFT    ON    THE    MOUNTAIN-SIDE 
ABOVE   THE    TIPPLE    LEVEL. 

2630.  The  main  features  connected  with  a  mine  opened 
above  the  level  of  the  tipple  are  in  the  arrangements  for 
lowering  the  coal  from  the  mine  outlet  to  the  dumping 
platform. 

Sometimes  the  coal  is  dumped  from  the  cars  at  a  tipple  on 
a  level  with  the  mine  outlet  into  a  long  chute  reaching  to 
the  loading  point  below.  The  arrangement  of  the  surface 
works  around  the  mine  outlet  in  this  case  would  be  similar 
to  that  of  those  connected  with  a  drift  mine. 

The  use  of  a  long  chute  is,  however,  objectionable,  as  the 
coal  grinds  and  is  broken  by  the  force  with  which  it  strikes 
the  chute  and  gates. 

A  height  of  about  25  to  30  feet  above  the  tipple  tracks 
should  be  the  minimum  for  the  adoption  of  a  gravity  plane 
when  its  length  is  300  feet  or  more.     ' 

If  the  height  or  the  distance  is  less  than  this,  a  trestle  or 
embankment  can  be  built  out  some  distance  towards  the  tip- 
ple, and  the  cars  or  coal  can  be  lowered  vertically  to  the  tip- 
ple, as  described  farther  on. 

2631.  A  general  arrangement  of  a  mine  opened  with  a 
gravity  plane  is  shown  in  Fig.  965.  Inclined  planes  may  be 
of  single  track  or  of  3  rails,  with  passing  points  half  way  up. 
In  Fig.  965  a  double-track  plane  is  shown  branching  into 
two  outside  empty  tracks  ^,  and  a  middle  track  for  loaded 
cars  a  at  the  head.  At  the  foot  of  the  plane,  the  loaded 
cars  land  on  the  outside  tracks  a^  and  the  empty  cars  are 
taken  up  from  the  middle  track  b. 

From  one  to  six  cars  are  usually  lowered  at  a  time.  More 
can  be  lowered.  This  depends  considerably  upon  the  length 
and  grade  of  the  plane.  Where  planes  are  long  and  much 
time  required  to  lower  cars,  more  are  put  in  the  trip  than 
when  short  planes  are  used. 

The  arrangement  of  the  tracks  at  the  top  is  for  haulage 
by  a  compressed-air  or  electric  locomotive,  or  if  a  long  haul 
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exists  from  the  top  of  the  plane  to  the  mine  mouth  a  steam- 
locomotive  can  be  used  between  those  points.     If  rope  haul- 


age is  desired,  the  track  arrangement  of   the  top  can  be 
made  similar  to  that  at  a  drift  mine.     The  empty  return 
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track  should  be  planned  on  the  side  convenient  to  the  shops 
and  buildings.  A  turnout  can  be  planned  as  shown  for  run- 
ning out  loaded  cars  from  the  loaded  track  to  provide  coal  to 
the  boilers,  and  for  running  cars  of  rock  to  a  waste  dump. 

Tracks  should  be  arranged  conveniently  to  the  storerooms, 
material  yards,  etc.,  for  running  cars  thereto  that  have 
been  loaded  at  the  foot  of  the  plane  and  hoisted  to  the  top. 
At  the  foot  of  the  plane  plenty  of  track  room  should  also  be 
provided  for  the  accumulation  of  loaded  and  empty  cars. 
This  is  of  advantage  in  case  of  accident  on  the  plane,  as 
loading  can  continue  with  the  coal  that  has  collected,  and 
many  little  delays  may  be  thus  overcome  that  would,  other- 
wise interfere  with  a  large  output. 

If  the  conditions  are  favorable  to  planning  the  incline  so 
that  the  loaded  cars  will  automatically  be  discharged  at  the 
tipple  without  disconnecting  the  rope,  it  is  of  advantage,  un- 
less the  conditions  require  the  employment  of  many  hands 
at  the  foot  of  the  plane. 

The  arrangement  of  the  buildings  around  the  mine  open- 
ing should  be  similar  to  that  of  a  drift  mine,  except  that  the 
tipple  platform  and  tracks  should  be  removed  to  the  foot  of 
the  plane,  at  which  point  the  weighing  is  also  generally 
done.  If  the  ground  is  steep,  the  yard  room  will  be  narrow, 
and  it  will  be  necessary  to  locate  the  buildings  in  a  line 
along  the  contour  of  the  hill.  The  engine  and  boilers  may 
be  located  on  a  lower  level,  and  the  ground  somewhat  exca- 
vated for  the  purpose,  or  they  may  be  raised  to  the  yard 
level  with  foundation  walls.  The  boiler  room  should  be 
located  conveniently  for  the  disposal  of  ashes. 

If  many  supplies,  lumber,  and  material  are  received  by 
railroad,  it  may  be  necessary  to  provide  a  storehouse  and 
yard  room  near  the  railroad,  from  which  place  they  can  be 
moved  up  the  plane  in  empty  cars  as  time  will  permit,  un- 
less it  is  done  by  teams  over  a  wagon  road. 

Lumber,  props,  etc.,  may  be  cut  on  the  property,  or  in 
the  neighborhood,  and  be  delivered  by  teams  or  tram-road 
to  the  mine  mouth,  in  which  case  the  lumber-yard  will  be 
located  above. 
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2632.  By  referring  to  Fig.  965,  it  will  be  seen  that  coal 
from  the  drift  1  is  taken  over  the  track  a  through  the  wheel 
house  S5^  under  the  drums  /,  when  the  proper  rope  is  at- 
tached, and  the  cars  run  down  the  gravity  plane  on  either 
track,  hoisting  the  empty  cars  up  the  other.  The  drums 
are  controlled  by  a  brakeman  in  the  shed  shown  at  SJf..  From 
the  foot  of  the  plane  /,  the  loaded  cars  are  run  to  the  tipple 
5,  passing  over  the  scales  2^  by  means  of  track  a.  The 
weighing  is  done  by  the  weighman  in  his  office  32.  The 
empty  cars  are  returned  to  the  drift  mouth  over  tracks  b. 
Track  A,  at  the  head  of  the  plane,  is  intended  for  the  ac- 
cumulation of  about  two  trips  of  loaded  cars.  The  haulage 
is  accomplished  by  a  compressed-air  or  electric  locomotive, 
which  is  housed  in  building  37.  Sawed  lumber  from  the 
yard  17  adjoining  the  sawmill  18  is  transported  to  any  part 
of  the  plant  over  track  d.  Track  r,  with  its  branches, 
reaches  the  carpenter  shop  16^  the  blacksmith  shop  with 
tool-rack  annex  15,  the  machine-shop  H,  locomotive  house 
37,  supply  house  20\  with  supply-clerk's  office  21,  the  iron 
and  pipe  shed  23,  and  oil  house  22.  Rock  cars  are  taken  to 
the  rock  dump  over  tracks  c  and  o.  Coal  for  the  boilers  is 
run  over  track  e,  which  is  continued  on  to  track  o  for  the  re- 
moval of  ashes. 

On  the  platform  at  the  head  of  the  plane,  at  the  points 
H,  H,  are  locks  actuated  by  levers  to  prevent  cars  running 
to  the  head  of  the  plane.  A  plan  of  one  of  these  locks  is 
shown  on  the  right  of  the  plane.  On  the  plane  at  /  are 
safety-switches  controlled  by  the  brakeman  in  shed  3Ji..  A 
plan  of  these  switches  is  shown  on  the  left  of  the  plane.  In 
the  event  of  a  runaway  car,  the  brakeman  throws  a  conve- 
nient lever,  which  removes  the  tension  from  the  rope  s,  and 
allows  the  weight  r  to  throw  the  switch  so  that  the  runaway 
car  will  be  thrown  off  the  plane.  At  the  foot  of  the  plane  are 
located  a  small  repair-shop  33^  to  which  crippled  cars  are 
run  over  track  ^,  a  receiving  house  for  supplies  £^,  and  a  tim- 
ber and  rail  yard  10.  The  .supplies,  timber,  and  rails  are  re- 
ceived from  railroad-cars  on  track  /%  and  are  sent  to  any 
part  of  the  plant  over  mine-car  track/". 
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The  fan  is  shown  at  7,  with  an  underground  connection 
with  the  traveling  and  air  way  36,  The  tank  for  water- 
supply  is  shown  at  10^  with  supply  pipes run- 
ning to  various  points.  The  wash-house  is  shown  at  11^  the 
mine  office  at  12^  and  the  lamp  house  at  13,  The  com- 
pressed-air or  electric  plant  is  shown  at  8.  The  stable  26^ 
wagon  and  harness  house  26^  and  the  hay  and  feed  store- 
house 27  are  shown  in  the  upper  left  corner  of  the  plan. 
The  powder  house  is  not  shown.  It  may  be  located  in  any 
safe  place,  1,000  feet  or  more  from  the  other  buildings. 
The  tracks  shown  by  dotted  lines  near  the  drift  mouth  are 
intended  to  show  connections  with  other  distant  productive 
openings.  In  case  the  level  ground  from  the  foot  of  the 
plane  to  the  railroad-tracks  is  not  limited,  the  tracks  to  the 
tipple  can  be  continued  straight  from  the  foot  of  the  plane, 
instead  of  deflected  as  shown  on  plan.  The  location  for  a 
coke-oven  plant  is  shown  at  30,  The  shipping  tracks  are 
similar  to  those  shown  in  previous  plans:  A  is  the  empty 
shifting  track,  B  the  lump-coal  track,  C  the  nut-coal  track, 
and  D  the  slack  track. 

2633.  A  circular  saw  will  not  be  needed  if  timber  is 
delivered  ready  cut.  If  lumber  is  to  be  cut  from  standing 
timber,  it  may  be  necessary  to  erect  the  sawmill  at  some 
distance  from  the  mine.  In  some  mines  opened  with  gravity 
planes,  the  requirements  for  the  operations  are  so  few  and 
simple  that  most  of  the  buildings  are  located  at  the  foot  of 
the  plane,  a  blacksmith  shop  and  a  few  supplies  being  lo- 
cated at  the  top.  The  mule  stables  are  sometimes  Ipcated 
at  the  foot  of  the  plane. 

In  the  event  of  all  the  buildings  being  erected  below,  and 
it  is  desired  to  erect  a  rope-haulage  plant,  it  may  be  placed 
at  the  foot  of  the  plane,  and  the  ropes  be  led  up  to  and  into 
the  mine  opening.  If  the  haulage  is  to  be  done  by  loco- 
motives, and  there  is  other  machinery  needing  attention 
and  repairs,  the  surface  buildings  are  more  conveniently 
arranged  around  the  top  of  the  plane 
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2634*  Where  the  hillside  is  very  steep,  the  cars  of  coal 
can  not  be  run  on  the  inclined  track  of  the  plane,  as  some 
of  the  coal  would  spill  out  of  the  car.  It  depends  upon  how 
full  the  cars  are  loaded  as  to  what  will  be  the  maximum  in- 
clination they  will  run  on  without  spilling.  Cars  loaded 
above  the  top  should  not  be  run  on  an  inclination  of  much 
over  lt5°.  Cars  loaded  level  full  may  be  run  on  an  inclina- 
tion of  20°  for  short  distances,  but  for  these  and  steeper 


m^.,  I 
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y 


Fig.  966. 


grades  a  device  known  as  a  dummy,  or  platform  car,  is 
used,  on  which  the  cars  are  lowered.  This  is  shown  in  plan 
and  profile  in  Fig.  906.  In  consists  of  an  inclined  truck  A^ 
built  on  the  same  angle  as  the  plane.  The  car  rests  level  on 
this  in  its  movement  on  the  plane.  The  arrangement  of  the 
tracks  for  handling  the  loaded  and  empty  cars  on  and  off 
the  dummy  is  shown  in  the  same  figure.     At  the  top  it  is 
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necessary  to  first  remove  the  empty  car  before  running  the 
loaded  car  on.  The  loading  at  each  side  of  the  plane  is  done 
at  separate  opposite  landings. 

The  dummy  tracks  are  made  to  converge  after  passing 
the  mid-point  of  the  plane  B^  so  that  at  the  foot  of  the  plane 
they  have  the  same  landing,  and  the  empty  cars  are  pushed 
on  the  dummy  as  the  loaded  cars  are  pushed  off.  This  is 
done  by  having  the  two  inclined  tracks  come  together  at  the 
foot  of  the  incline  without  passing  switch  rails,  but  so  that 
their  centers  are  about  4  inches  apart.  This  necessitates  that 
the  platform  of  one  dummy  extend  4  inches  farther  towards 
the  landing  on  the  loaded  side  below  than  that  of  the  other 
dummy.  The  outside  rails  of  the  dummy  tracks  must  be 
slightly  elevated  after  passing  the  mid-point  of  the  plane. 

If  there  is  sufficient  room  above  and  below,  the  mine-cars 
can  be  run  on  and  off  the  dummy  in  the  same  direction  as 
the  plane,  that  is,  by  tracks  at  right  angles  to  those  shown 
in  Fig.  966,  so  that  the  amount  of  back-switching  will  not 
be  so  great  above. 

It  will  not  be  possible  in  this  case  to  remove  the  loaded 
cars  at  the  foot  of  the  plane  from  one  side  and  place  the 
empty  cars  on  from  the  other. 

2635.  In  the  plan  shown  in  Fig.  966,  the  mouth  of  the 
mine  is  shown  at  i,  with  tracks  for  loaded  cars  a  and  empty 
cars  b  leading  to  and  from  the  head  of  the  plane.  The 
drums,  shown  in  profile  at  /,  are  not  shown  on  the  plan,  as 
they  are  under  the  platform.  The  fan  7  is  shown  in  con- 
nection with  the  airway  and  traveling  way  36,  On  the  plane 
the  dummies,  or  platform  trucks,  are  shown  3,t  A,  A,  and 
the  middle  point  of  the  plane  where  the  tracks  begin  to  con- 
verge is  shown  at  B.  The  tipple  3  is  shown  to  the  left  of 
the  foot  of  the  plane,  with  loaded  tracks  a  and  empty  tracks 
i.  The  air-compressing  or  electric  plant  is  shown  at  <?,  with 
the  boilers  5  adjoining.  The  stable  25  and  feed  house  27 
are  shown  on  the  same  side  of  the  tracks  as  the  boilers.  On 
the  other  side  of  the  tracks  are  showft  the  machine-shop  H^ 
blacksmith  shop  iJ,  carpenter  shop  16,  material  yard  19,  and 
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supply  house  20,  all  reached  by  mine-car  track  c.  In  the 
profile  the  drift  mouth  is  shown  at  7,  the  drums,  under 
platform,  at  /,  one  dunlmy  A  at  the  top  landing  and  the 
other  in  the  pit  at  the  bottom. 

2636.  In  Fig.  967  is  shown  a  device,  known  as  a 
barney,  for  lowering  loaded  and  raising  empty  cars  with- 
out attaching  a  rope  to  the  cars. 

The  barney  /i  is  a  truck  running  on  a  narrow  track 
between  each  of  the  inclined  tracks.  A  large  timber  forms 
the  body  of  this  truck,  and  the  ends  of  the  ropes  are  at- 
tached to  a  barney  on  each  track.     A  loaded  car  is  pushed 


^ 


± 


Fig.  967. 

against  the  barney  at  the  top,  which  has  landed  at  the 
knuckle,  and  the  weight  of  the  car  against  the  barney 
causes  both  to  move  down  the  plane,  and  the  speed  is  regu- 
lated by  the  brake  on  the  drums  /.  As  they  descend,  a  car 
is  moved  up  the  plane  on  the  other  track  with  the  barney 

behind  it. 

When  the  car  and  barney  reach  the  bottom  of  the  plane, 
the  barney  goes  beneath  the  level  of  the  other  track  into  a 
pit  P,  allowing  the  loaded  car  to  pass  over  it.  The  barney 
remains  in  the  pit  to  be  drawn  up  behind  the  next  empty 
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car  Ifhen  it  is  pushed  in  front  of  it.  This  arrangement 
avoids  delay  in  coupling  and  uncoupling  the  rope  from 
the  car. 

If  the  mine-car  must  be  moved  some  distance  after  reach- 
ing the  bottom  of  the  plane,  this  arrangement  is  of  advan- 
tage, as  with  its  momentum,  after  being  released  by  the 
barney,  it  will  run  several  hundred  feet  on  a  level.  In  this 
arrangement  a  counterweight  should  be  caught  up  by  the 
barney  landing  at  the  top  of  the  plane,  to  check  its 
momentum. 


2637.  If  it  is  desired  to  lay  a  3-rail  inclined  plane,  on 
account  of  length  or  the  cost  of  construction  of  wide  em- 
bankments, or  on 
account  of  the  ar- 
rangement of  land- 
ings at  the  top  or 
bottom,  such  a  plan 
can  be  used  as  is 
shown  in  Fig.  968, 
which  also  shows  a 
system  of  tracks  at 
the  bottom,  where 
the  cars  arrive  and 
depart  in  trips. 
This  operates  as  fol- 
lows; 

When  the  weight 
on  the  switch -stand 
IV  is  placed  at  A, 
the  loaded  cars  are 
lowered  to  the  si- 
ding ^,  and  the 
empty  cars  arcj 
taken  up  the  plane  ~ 

from  the  siding  F,  pio.bm. 

while  a  trip  of  empty  cars  is  coming  in  at  the  siding  Ji. 

When  the  weight  is  at  B  on  the  switch-stand,  the  loaded 
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cars  are  lowered  to  the  siding  D  and  empty  cars  are  taken  up 
from  the  siding  /f,  while  a  trip  of  empty  cars  is  coming  into 
the  siding  F.  In  Fig.  968  the  knuckle  at  the  head  of  the 
plane  is  shown  at  ^  the  mid-distance  and  divergence  of 
rails  into  double  track  is  shown  at  5^  the  scales  are  shown  at 
2y  and  the  tipple  at  S, 

LENGTH  AND  GRADES  FOR  INCLINED  PLANES. 

2638.  For  lengths  up  to  500  ft.  the  grades  should  not 
be  less  than  6j^  for  a  weight  of  8,000  lb.  in  the  descending 
and  2,800  lb.  in  the  ascending  load,  or  b\^  for  4,000  lb.  de- 
scending and  1,400  lb.  ascending  load. 

For  planes  from  600  to  2,000  ft.  the  grades  should  be  from 
5j^  to  lOj^,  depending  upon  the  loads.  For  a  plane  2,000  ft. 
long  and  lOj^  grade,  4,000  lb.  descending  load  will  hoist  a 
1,400  lb.  empty  car. 

There  are  instances  in  which  25  and  30  loaded  cars  will 
descend  a  IJ^  grade,  but  where  planes  are  lighter  than  5j^ 
grade  the  empty  cars  will  usually  have  to  be  hoisted  on  a 
plane  operated  by  an  engine,  in  which  case  the  tracks  can 
be  single  or  double. 

An  inclined  plane  should  be  slightly  concave  in  profile, 
and  steeper  at  the  top  than  at  the  bottom,  except  where  a 
dummy  is  used,  which  necessitates  that  the  grade  be  con- 
tinuously the  same  on  account  of  the  dummy  being  built 
only  for  one  angle  of  inclination,  and  it  therefore  can  not  be 
operated  on  a  plane  with  much  variation  in  inclination. 


COAL-HANDLING  APPLIANCES  WHERE  PLANES 

CAN  NOT  BE  USED. 

2639»  The  height  for  a  tipple  above  the  railroad-tracks 
has  been  given  at  20  to  35  feet,  although  it  may  be  a  few 
feet  higher  if  the  coal  is  hard  enough  and  the  screens  are 
suitably  arranged. 

Where  the  coal  outcrops  on  the  hillside  at  a  greater  eleva- 
tion than  this  and  up  to  45  or  05  feet  above  the  railroad- 


§  24  OF  BITUMINOUS  MINES.  61 

tracks,  the  mine  should  be  opened,  if  possible,  at  some 
distance  from  the  location  for  the  tipple,  so  that  the  cars 
can  be  brought  from  the  mine  outlet  over  a  tram-road  500  to 
1,500  feet  long,  with  a  1^  or  2^  down  grade  to  the  tipple 
landing. 

If  this  plan  is  not  feasible,  and  if,  as  mentioned  under 
Gravity  Planes,  the  distance,  the  height,  and  the  length  of 
plane  are  not  sufficient  to  warrant  the  construction  of  the 
latter,  then  the  following  devices  should  be  used  for  hand- 
ling the  coal  to  the  tipple  : 

2640.  Fig.  969  shows  an  arrangement  suitable  in  case 
either  the  elevation  is  insufficient  to  warrant  an  inclined 
plane,  or  the  hillside  is  too  steep  to  permit  of  its  construc- 
tion, even  if  there  is  sufficient  height.  This  consists  of  one 
or  two  baskets  A,  operating  vertically  in  guides  B  between 
the  upper  and  the  lower  landing.  The  arrangement  is  sim- 
ilar to  that  of  a  shaft  hoist,  but  simpler,  as  the  descending 
load  furnishes  the  operating  power. 

The  coal  is  dumped  into  the  basket  from  the  mine-car  at 
the  upper  landing.  This  weight  then  causes  the  descent  of 
the  basket  and  load,  which  is  suspended  by  a  rope  led  by 
an  overhead  pulley  C  to  a  drum  Z>,  with  a  brake  £  for  con- 
trolling the  descent.  The  descent  of  the  basket  and  load 
raises  either  a  counterweight  or  a  second  empty  basket. 
When  the  basket  reaches  the  lower  landing,  which  corre- 
sponds to  the  tipple  landing,  a  front  gate  to  the  basket  £  is 
opened,  and  the  load  is  dumped  automatically  into  a  chute 
G  provided  with  screens.  The  basket  then  rights  itself  as 
the  brake  is  released,  and  the  empty  basket  is  caused  to  as- 
cend by  the  descent  of  the  counterweight,  or  a  second  bas- 
ket with  its  load.  This  device  requires  few  hands  at  the 
lower  landing,  and  is  suitable  where  the  coal  is  not  seriously 
injured  in  dumping. 

The  automatic  device  for  opening  the  front  gate  of  the 
basket  consists  of  a  hooked  bar  //  attached  to  a  pivoted  bar 
/,  which  is  balanced  and  held  in  position  by  the  weight  IV, 
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If  the  coal  is  soft,  instead  of  dumping  into  a  basket  at  the 
tipple  landing,  the  car  of  coal  should  be  lowered  by  a  device, 
shown  in  Fig.  970,  to  the  tracks  of  the  tipple  landing,  and 
from  there  rim  to  the  chutes  for  dumping. 

2641.  In  Fig.  970  the  loaded  cars  are  run  onto  the 
cage  yl,  and  the  empty  cars  at  the  tipple  level  are  run  onto 
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the  cage  B.  By  means  of  the  brake  drum  D,  the  loaded 
cage  A  i3  lowered  down  one  side  of  the  vertical  hoist  C,  and 
its  weight  raises  cage  H  to  the  top. 

These  devices  are  best  adapted  where  the  height  of  the 
upper  landing  is  at  least  20  to  30  feet  above  the  tipple  land- 
ing, and  may  be  used  for  greater  height;  although,  if  the 
elevation  much  exceeds  50  or  (iO  feet  above  the  lower  land- 
ing, or  70  to  85  feet  above  the  railroad-tracks,  even  on  a 
steep  hillside,  it  will  be  found  preferable  to  introduce  an  in- 
clined plane  operated  with  a  dummy. 
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ARRANGEMENT    OF    TIPPLE   STRUC- 
TURE AND  FITTINGS. 


OPERATIONS    AT    THE  TIPPLE. 

2642.  The  cars  of  coal  from  either  a  shaft,  slope,  drift, 
or  gravity-plane  mine,  after  being  run  over  tracks  more  oi 
less  long,  are  delivered  at  a  tipple,  where  the  coal  is  dumped 
into  a  chute,  with  or  without  screen  bars,  or  into  a  bin. 
The  loading  into  railroad-cars  or  other  means  of  transporta- 
tion may  be  controlled  by  gates  in  the  chute,  or  baskets, 
which  check  the  force  of  the  coal  as  it  descends  the  chute, 
and  lower  it  gently  into  the  cars,  thus  reducing  breakage. 

The  weighing  may  be  done  either  before  the  mine-car  is 
dumped  on  the  platform  or  after  it  has  been  screened,  and 
the  lump  coal  held  in  a  basket  connected  with  scales;  or  it 
may  be  weighed  in  the  railroad-cars. 

It  may  also  be  necessary  to  provide  facilities  in  the  tipple 
to  clean  the  coal  by  picking  out  the  slate  from  the  lump 
coal  or  screenings,  or  both. 

If  there  are  cars  of  rock  from  the  mine  to  be  unloaded  out- 
side, tracks  may  be  necessary  at  the  tipple  to  run  these 
cars  to  waste  dumps,  or  else  to  a  chute  for  loading  into  rail- 
road-cars, to  be  carried  away  as  waste. 

2643.  The  arrangement  of  the  fittings  and  devices  in 
the  tipple  structure  can  best  be  described  under  tir  follow- 
ing operations  at  the  tipple : 

1.  Dumping  coal  from  the  mine-cars. 

2.  Chuting  the  coal. 

3.  Screening  coal. 

4.  Loading  into  railroad-cars. 

5.  Weighing. 

6.  Cleaning  coal. 

7.  Handling  of  rock. 


DUMPING. 
2644*     Dumping  may  be  done  in  tipples  of  three  classes, 
viz.,  in  push-back  tips,  in  revolving  or  oscillating  cradles,  or 
in  cross-over  tips. 
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t>UBH-BACK  TIPS. 

2645.  Fig.  !C1  shuws  an  ordinary  form  of  tipple  in 
which  the  car  of  coal  is  run  to  the  tipple  horns,  and  after 
being  dumped  it  is  pushed  back  to  a  switch  before  the  next 
load  can  be  moved  to  the  tipple.  The  axle  A  on  which  the 
tipple  horns  /?,  /?  turn  is  slightly  back  of  the  center  of 
gravity  of  the  loadtrd  car,  so  that  the  force  with  which  the 
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load  dumps  is  sufficient  to  raise  a  counterweight  W^at  the 
rear  of  the  tipple.  As  this  raises  and  the  car  dumps,  a 
brake  C  is  applied  by  foot  or  hand  to  hold  the  counterweight 
and  tipple  in  position  until  the  car  is  empty. 

The  brake  is  then  released,  and  as  the  position  of  the  cen- 
ter of  gravity  of  the  empty  car  and  raised  counterweight 
is  then  back  of  the  tipple  axle,  the  weight  of  the  counter- 
balance returns  the  empty  car  and  tipple  horns  to  a  level 
position. 

2646.  Fig.  972  shows  a  similar  tipple  provided  with 
buffer  springs  5,  A,  which  take  up  the  jar  caused  by  the 
wheels  of  the  loaded  car  striking  the  horns  B,  B.  This  is 
known  as  the  Phillips  automatic  push-back  car  tip.  The 
recoil  of  the  springs  checking  the  loaded  cars  serves  to  push 
back  the  empty  car.  after  it  is  dumped,  through  the  medium 
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of  the  arms  C,  C,  against  which  the  wheels  strike.  Some- 
times the  axle  on  which  the  tipple  turns  is  elevated  so  as  to 
be  at  a  point  a  little  lower  than  the  center  of  gravity  of  the 


car  when  loaded,  and  a  little  above  it  when  dumped, 
does  not  necessitate  the  use  of  counterweights. 


REV01.VING  OR  OSCILLATING  TIPS,  OR  CRADLES. 

2647.  These  may  make  a  full  revolution  or  part  of  a 
revolution  and  return.  They  may  turn  either  in  the  direc- 
tion of  the  tipple  or  at  right  angles  to  it.  Fig.  973  shows  a 
usual  form  of  this  class.  The  door  A,  shown  on  the  top  of 
the  tip,  or  cradle,  is  for  a  special  case  in  releasing  very  soft 
coal  to  reduce  breakage  in  handling.  By  referring  to  Fig. 
973,  it  will  be  seen  that  the  mine-car  is  run  into  a  box-like 
arrangement  which  revolves  on  the  axles  C.  so  set  that  the 
center  of  gravity  of  the  loaded  car  is  above  the  axles.  The 
overturning  of  the  box  is  regulated  by  the  brake-wheel  B, 
assisted  by  the  counterweight  W.  When  the  coal  has  been 
dumped  into  the  chute  D  and  the  brake-wheel  has  been  re- 
leased, the  dump  rights  itself  automatically.  Cars  dumped 
in  this  style  of  cradle  do  not  need  end  gates. 

The  system  of  tracks  where  tipples  like  those  already 
mentioned  are  used  may  be  similar  to  any  of  the  arrange- 
ments already  shown  for  shaft,  slope,  drift,  or  gravity-plane 
mines.  .These  plans  are  interchangeable  for  mines  opened 
either  way,  according  to  the  conditions  and  requirements. 

As  time  is  required  in  pushing  back  an  empty  car  from 
the  tipple  before  another  loaded  car  can  be  pushed  there,  it 
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is  necessary,  if  speed  is  desired,  to  provide  two  tipple  horns, 
fed  by  one  or  two  loaded  tracks,  and  an  empty  track,  so 


that  the  empty  car  can  be   quiclcly  moved   onto  it   after 
dt]mping,  to  make  room  for  the  next  loaded  car. 


CROSS-OVER  TIPS. 

2648.  In  tipples  of  this  class,  the  cars  of  coal  after  be- 
ing dumped  pass  beyond  the  tipple  over  rails  spanning  the 
dump  hole  to  an  empty  track  and  return  to  the  mine  by  a 
switchback,  or  by  making  a  full  or  half  circuit. 

The  arrangement  of  the  tracks  for  these  tipples  is  differ- 
ent from  that  of  the  push-back  or  the  revolving  type. 
Generally,  one  tipple  of  this  kind  is  sufficient,  requiring  but 
one  loaded  and  one  empty  track. 

2649.  In  Fig.  074  Is  shown  an  arrangement  of  tracks 
for  cross-over  tips.  The  profile  at  the  top  shows  that  the 
loaded  cars  approach  the  dump />  by  gravity  over  a  1.60)( 
grade,  and  the  emptycars  leave  the  dump  on  aO.'^oiK  grade 
for  a  short  distance.     They  then  run  to  the  end  of  the  tipple 
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platform  over  a  level  track,  till,  near  the  end,  they  run  part 
way  up  a  short  incline  E,  Running  back  down  this,  they 
cross  the  spring  switch  F^  shown  on  plan,  and  run  down  a  Ij^ 
grade  to  the  foot  of  an  endless-chain  hoist  Cr,  which  is  run  by 
the  engine  H,  This  hoist  raises  the  empty  cars  to  a  sufficient 
height  to  allow  them  to  run  by  gravity  to  the  collecting 
point  for  empty  trips.  Crippled  cars  are  passed  by  means 
of  switch  /to  track y.  Rock  cars  are  run  to  a  dump  over 
track  K  and  are  returned  from  the  dump  over  track  Z. 
The  sprocket-chain  used  on  the  hoist  G  is  supported  on  the 
plane  by  a  bar  of  flat  iron,  over  which  it  slides.  The  lugs  / 
on  the  *  sprocket-chain  move  the  car  by  engaging  with  a 
block  bolted  to  the  car,  back  of  the  axle.  The  stops  2  are 
pressed  down  by  the  bumpers  of  the  car  as  it  moves  up  the 
plane.  When  released,  they  prevent  cars  running  down 
the  plane. 

2660.  The  principal  tipples  of  this  class  are  the  Mitch- 
ell, the  Wilson,  and  the  Phillips.  In  these  the  loaded  car 
comes  to  the  tipple  by  gravity  and  is  stopped  by  the  horns 
of  the  car  tip.  Buffer  springs  may  be  provided  at  the  horns 
or  elsewhere  to  take  up  the  jar  caused  by  the  speed  of  the 
loaded  car.  The  tip  brake  A  is  then  released  and  the  con- 
tents of  the  car  is  dumped  into  the  chute.  A  counter- 
weight is  raised  as  in  ordinary  tipples,  the  brake  is  applied, 
holding  it  up  and  the  car  in  position  until  the  car  is  empty. 
The  brake  is  then  released,  and  the  car  drops  back  to  a  level 
position  while  controlled  by  the  brake. 

The  empty  car  remains  in  this  position  while  a  loaded  car 
moves  towards  it.  The  wheels  of  the  loaded  car  depress  a 
tread  rail  B^  which  operates  a  system  of  levers,  causing 
the  tipple  horns  to  spread  out,  or  turn  down  and  outwards, 
so  as  to  clear  and  release  the  empty  car,  which  runs  by 
gravity  off  of  the  inclined  track  of  the  tipple  and  passes  the 
horns  before  the  rear  wheels  of  the  loaded  car  leave  the 
tread  rails  of  the  horn  spreader. 

As  the  rear  wheels  of  the  loaded  car  clear  the  tread  rail, 
springs  cause  the  horns  to  come  back  to  their  first  position 
to  check  the  loaded  car. 
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The  empty  car  crosses  the  dump  hole  on  hinged  rails  C, 
attached  to  the  end  of  level  rails  at  the  tipple  horns.  The 
other  ends  uf  the  hinged  rails  are  free  to  slide  when  the  car 
is  being  dumped,  but  making  a  butt  joint  with  the  perma- 
nent track  beyond  the  dump  hole  for  the  passage  of  the 
empty  car  when  released  from  the  tipple.  The  rails  are 
about  8  feet  long. 

The  length  of  the  tipple  rails  is  about  11  feet,  Snd  the 
rail  spreader  about  i  feet  long,  though  this  length  will  vary, 
depending  upon  the  length  of  the  car. 

The  tread  rail  and  horn  spreaders,  with  their  levers,  are 
connected  with  the  rails  of  the  tipple,  and  raise  with  them 
when  the  car  is  being  dumped. 

2651.  The  Mitchell  tipple  is  shown  in  outline  in  Fig. 
974.  The  horns  spread  out  by  the  passing  of  the  mine-car 
over  the  tread  rail.  If  cars  are  very  wide,  the  hinge  rails, 
instead  of  being  attached  to  the  end  of  the  level  rails  of  the 
tipple,  are  caused  to  spread  outwards  by  levers  and  clear 
the  width  of  the  car. 

2652.  The  Wilson  tipple  is  shown  in  Fig.  975.     In  tljis 


tipple   the   spreading   of    the   horns   B,  B  is  accomplished 

somewhat  differently.  Here  the  bumpers  and  bottom  of 
the  car  depress  a  lever  A  connected  with  the  horn  spreaders. 
The   approaching   loa^ls   are   checked  by  a   second   set   of 
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smaller  horns  C,  C  back  of  the  tipple,  opened  by  a  lever  Z>, 
and  held  open  by  the  car  passing  over  a  tread  rail  long 
enough  to  permit  the  passage  of  the  car  before  they  close. 

2653.  Fig.  976  shows  the  Phillips  automatic  cross-over 
tip.  In  this  tip  the  horns  A,  A  roll  outwardly,  releasing 
the  empty  car  by  the  passing  of  the  loaded  car  over  the 
tread  rail,  which  operates  the  horns  by  a  chain  B  working 
a  system  of  levers. 

The  horns  are  pivoted  in  wrought  journal-boxes.  The 
axles  C  on  which  the  horns  roll  out  extend  some  distance 
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back  along  the  outside  of  the  rails  of  the  tipple,  and  their 
rear  ends  are  provided  with  special  springs  D  to  take  up  the 
jar  caused  by  the  loaded  car  striking  the  horns. 


CHUTING. 

2654.  The  coal  is  dumped  into  a  chute  which  is  made 
either  short  or  long,  as  the  tipple  is  at  a  small  or  a  consid- 
erable height  above  the  loading  point. 

Chutes  are  from  4  to  5  feet  wide,  with  sideboards  1  to  3 
feet  high,  supported  between  the  posts  of  the  bents  forming 
the  trestle  supporting  the  tipple  structure  and  platform. 
The  chute  bottoms  are  covered  with  -^  inch  to  f  inch  sheet 
iron  or  steel. 

The  angle  of  the  chute  required  for  the  proper  movement 
of  the  coal  upon  an  iron  or  steel  surface  will  vary  from  26° 
to  29°,  depending  upon  whether  the  coal  is  in  lumps  and 
dry,  or  whether  the  mine-run  coal  contains  much  fine  coal. 
For  small  screenings  the  angle  will  vary  from  30°  to  33°, 
and  possibly  more  if  they  are  wet. 

It  is  desirable  to  have  the  chute  rigged  to  a  windlass  for 
regulating  its  angle,  if  there  is  much  variation  in  these 
respects. 
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The  chute  at  the  loading  point  should  be  2  or  3  feet  above 
the  railroad-car.  By  drawing  a  line  from  this  point  on  the 
angle  of  the  chute  (29°),  its  intersection  with  elevation  of  the 
tipple  platform  will  determine  the  location  for  the  tipple.  The 
center  of  the  car  tip  should  be  located  from  3  to  5  feet  in 
advance  of  this  point,  so  that  when  the  car  is  dumped  there 
will  be  a  drop  of  1  to  2  feet  from  the  car  to  the  chute,  so 
that  all  the  coal  will  run  rapidly  out  of  the  car. 

A  chute  may  be  of  very  simple  construction  and  have  no 
provisions  for  screenings,  weighing,  or  regulating  the  loading, 
unless  it  be  an  iron  apron,  or  gates,  to  hold  the  coal  back 
while  shifting  railroad-cars  into  position  for  loading. 

If  only  screening  is  necessary,  screen  bars  may  introduced 
in  a  chute  of  wooden  frame.  If  special  arrangements  for 
weighing  and  loading  are  necessary,  a  chute  of  all  iron  or 
steel  is  preferable,  although  in  some  cases  part  iron  and 
part  wood  chutes  are  used. 


SCREENING. 

2655«  The  usual  sizes  of  coal  produced  are  known  as 
lump,  nut,  pea,  and  slack.  Although  nut  coal  has  been 
known  to  be  from  i  inch  to  2^  inches  in  size,  and  pea  coal 
from  ^  inch  to  f  inch,  the  following  sizes  are  now  the  standard : 

Lrump. — All  coal  passing  over  1^-inch  screens. 

Nut, — All  coal  passing  through  1^-inch  openings  and  over 
f-inch  openings. 

Pea. — All  coal  passing  through  J-inch  openings  and  over 
|-inch  openings. 

Slack. — All  coal  passing  through  f-inch  openings. 

2656*  Long  and  flat  coal  may  pass  into  these  sizes  that 
will  be  larger  than  the  sizes  indicated,  and  some  small  coal 
may  go  with  the  larger  coal  when  the  coal  has  not  been 
thoroughly  screened. 

The  screening  may  be  done  over  (1)  flat  bar  screens,  (2) 
over  revolving  or  shaking  screens. 

The  former  are  generally  used,  and  the  coal  is  screened 
as  it  moves  by  gravity  over  the  bars. 
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The  latter  methods  require  power  to  operate  the  screens 
for  the  movement  of  the  coal  over  their  surface.  If,  how- 
ever, there  is  not  sufficient  elevation  between  the  railroad- 
tracks  and  the  tipple  platform,  or  if  the  amount  of  screen- 
ings is  very  large  and  perfect  screening  is  a  matter  of 
importance,  their  use  is  necessary. 

2657*  The  standard  sections  and  spacing  of  flat  screen 
bars  are  shown  in  Fig.  977.  A  shows  diamond-shaped  lump- 
coal  screen  bars,  and  B  shows  another  form  of  lump-coal 
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screen  bars.  C  shows  nut-coal  screen  bars  and  D  pea-coal 
screen  bars.  E  shows  a  cross-section  of  a  lump-coal  screen. 
For  lump-coal  screens,  the  screen  bearing  bars  are  }  inch 
thick  by  4  inches  deep,  and  for  nut  and  pea  coal  the  screen 
bearing  bars  are  f  inch  thick  by  3^  inches  deep. 

These  bars  are  spaced  in  standard  screen  frames  or  chutes 
5  feet  wide  and  12  feet  long,  with  steel  sides  8  to  16  inches 
high.  The  frames  for  the  smaller  screenings  are  sometimes 
shorter  than  this. 

Screen  bearing  bars  f^  x  4' and  |'  x  S^*',  notched  to  receive 
the  bars,  run  across  the  under  side  of  the  frame  about  2  feet 
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apart ;  their  outer  ends  are  held  by  a  stirrup  on  the  lower 
end  of  a  bolt  which  pierces  the  upper  flange  of  the  sides  of 
the  chute  frame,  where  it  is  secured  by  a  nut  drawing  the 
bearing  bars  up  tight  against  the  frame. 

The  screen  frames  have  a  sheet  of  steel  about  ^  inch  thick, 
1  foot  wide,  running  across  the  ends  of  the  frame.  Below 
these  are  cross  timbers  to  which  the  plates  are  bolted,  giv- 
ing rigidity  to  the  frame. 

The  ends  of  the  screen  bars  are  cut  down  so  that  at  their 
upper  and  lower  ends  they  lap  under  these  end  steel  plates, 
flush  with  their  surface,  which  prevents  their  rising  out  of 
their  bearings. 

2658.  The  arrangement  of  the  screens,  generally  one 
below  the  other,  is  shown  in  Fig.  974  at  M,  There  will  be 
1  to  3  screen  frames,  according  as  2  to  4  sizes  are  to  be 
produced. 

The  lump  screen,  at  the  upper  end,  has  steel  plate  for  a 
length  of  4  feet,  which  receives  the  blow  of  the  coal  as  it  is 
dumped,  allowing  it  to  spread  before  it  passes  over  the 
12-foot  length  of  screen  bars. 

The  screens  M  are  supported  by  rods  N  to  the  upper  plat- 
form, provided  with  turnbuckles  O  for  adjusting  the  angle 
of  the  chute,  which  may  vary  slightly  with  different  coals. 

To  the  end  of  the  screen  frames  are  joined  steel  chute 
frames  of  the  same  width  as  the  screens,  but  with  sheet- 
steel  bottoms  to  lead  the  coal  to  the  points  where  it  is  to 
be  loaded  on  railroad-cars,  or  to  loading  baskets  P, 

The  chutes  are  provided  with  fly  doors  R^  or  gates,  by 
which  the  sizes  can  be  turned  from  one  loading  point  to 
another,  and  produce  either  various  mixtures  or  separations 
of  the  sizes,  according  to  requirements. 


LOADING. 
2659.  The  coal  from  the  screens  and  chutes  may  be 
either  run  into  bins  over  the  railroad-tracks  and  held  there 
for  loading,  as  needed,  or  it  may  be  loaded  directly  into 
railroad-cars,  its  flow  being  regulated  or  checked  by  gates, 
loading  baskets,  etc. 


§  24  OF  BITUMINOUS  MINES.  73 

Generally,  where  coal  is  shipped,  the  storage  capacity  of 
the  bins  is  not  large,  and  serves  only  for  holding  screenings, 
in  case  of  short  delays  during  the  day's  work,  as  in  the 
supply  of  railroad-cars,  or  while  shifting  them. 

If  coal  is  to  be  stored  for  many  days,  an  extended  arrange- 
ment of  bins,  similar  to  those  in  use  at  coke-ovens,  is  neces- 
sary, with  tracks  and  switches  leading  thereto  from  the 
tipple,  or  else  it  is  stored  by  means  of  a  system  of  elevators 
and  conveyors  removing  the  coal  from  the  tipple. 

The  point  where  the  coal  discharges  from  the  chute  into 
the  car  should  be  so  arranged  that  the  coal  will  be  loaded 
evenly  in  the  car  on  both  sides  of  the  center,  so  as  to  require 
a  minimum  amount  of  labor  in  trimming ;  and  the  end  of 
the  chute  should  be  high  enough  above  the  car  to  clear  the 
height  to  which  the  coal  may  be  loaded  above  the  sideboards 
of  the  car. 

In  loading  ordinary  coal-cars  from  a  chute  with  end  dis- 
charge when  the  apron  is  down,  it  should  extend  about  1  or 
2  feet  into  the  car  and  be  about  3  feet  above  the  sideboards, 
depending  upon  the  height  to  which  the  car  is  loaded. 

When  the  coal  has  been  loaded  to  the  proper  height  in  one 
part  of  the  railroad-car,  the  car  is  shifted  and  the  loading 
begun  at  another  point.  Where  only  one  chute  is  used,  the 
car  must  be  shifted  twice  as  often  as  where  two  chutes  and 
tipples  are  used.  On  this  account,  two  chutes  are  generally 
used  where  the  arrangements  of  dumping,  screening,  etc. ,  are 
simple.  This  is  also  desirable  in  tipples  fully  equipped  for 
automatic  dumping,  screening,  and  loading  devices,  if  the 
track  arrangement  will  permit  and  the  cost  can  be  incurred. 

2660.  In  Fig.  974  is  shown  an  arrangement  for  load- 
ing coal-cars  by  a  center  discharge  basket  P,  This  basket 
is  made  12  to  24  feet  long,  depending  upon  the  length  of  the 
chute  and  the  height  of  the  load  in  the  railroad-cars.  Its 
upper  end  5  is  hinged  to  the  chute,  and,  when  closed,  rests 
at  an  angle  of  about  12°  to  16°.  This  and  the  length  of  the 
chute  are  regulated  to  check  the  speed  of  the  coal  down  the 
chute,  so  that  it  will  land  near  the  center  of  the  basket. 
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The  weight  of  the  coal  in  the  basket,  which  is  suspended 
by  a  wire  rope  or  chain  7^  to  a  drum  U  controlled  by  a  brake 
I',  causes  the  basket  to  lower  when  the  brake  is  released. 

The  descending  load  raises  a  counterweight  Xy  and,  as  the 
load  descends,  the  basket  is  opened  by  a  chain  Y  adjusted 
so  as  to  cause  the  outer  arm  of  the  basket  to  spread  apart 
from  the  long  arm,  and  open  at  a  less  or  greater  height  above 
the  bottom  of  the  railroad-car  as  the  height  of  the  load 
increases. 

Before  the  momentum  of  the  descending  basket  and  load 

« 

has  spent  itself,  as  the  coal  discharges  from  the  basket  the 
brake  V  is  applied  to  the  drum  above,  holding  the  counter- 
weight X  in  position  to  return  the  basket  to  its  first  position, 
when  the  brake  is  released. 

The  discharge  angle  of  the  basket,  when  open,  will  vary 
from  20°  to  33°,  depending  considerably  upon  the  nature  of 
the  coal  and  whether  mine-run  with  much  screenings  is  at 
times  to  be  loaded  on  the  lump-coal  track  or  not. 

2661  •  There  are  numerous  arrangements  of  coal 
tipples,  planned  to  suit  the  various  requirements  as  to  size 
of  screenings  to  be  produced  and  whether  these  are  to  be 
loaded  on  cars  on  one  or  more  tracks,  and  whether  mixtures 
are  to  be  produced,  etc.  One  other  form  of  tipple,  shown 
in  Fig.  978,  will  suffice  with  that  shown  in  Fig.  974  to  illus- 
trate the  different  principles.  In  Fig.  978  is  shown  a  steel- 
built  tipple,  with  screens,  for  producing  three  sizes  of  coal. 
This  can  also  be  arranged  for  producing  four  sizes.  The 
sizes  can  be  loaded  separately  or  mixed,  as  shown. 

A  special  feature  is  in  the  provision  for  loading  box  or 
gondola  coal-cars  on  the  outer  track  with  either  lump,  lump 
and  nut,  or  run-of-mine  coal. 

A  receiving  chute  7,  with  two  point  chutes  ^,  2\  is  sus- 
pended beneath  the  weigh  basket  P.  The  upper  end  of 
the  chute  is  pivoted  to  the  steel  structure  by  rods  and  turn- 
buckles.  The  lower  end  is  provided  with  a  windlass,  so  that 
the  pitch  of  the  chute  can  be  readily  changed  to  accommodate 
high  or  low  cars.     The   chute    is  provided  with  a  hinged 
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door  2\  so  that  the  trimmer  can  throw,  alternately,  loads 
into  a  box  or  gondola  car  on  the  first  track,  and  into  a  gon- 
dola on  the  second  track.  This  gives  ample  time  to  throw 
the  coal  back  in  the  box  car  without  interfering  with  the 
loading  on  the  second  track. 

2662.  Where  it  is  desired  to  produce  several  sizes,  and 
the  elevation  of  the  tipple  above  the  railroad-tracks  may 
not  be  sufficient,  where  tracks  run  between  the  bents  (14  to 
16  feet  apart)  supporting  the  tipple  platform,  it  may  be 
accomplished  by  spanning  two  or  four  of  the  railroad-tracks 
with  trusses  supporting  the  tipple  platform,  which  will  per- 
mit of  making  the  center  lines  of  the  railroad-tracks  12  to 
13  feet  apart,  thus  bringing  the  railroad-cars  within  the 
reach  of  the  discharge  points  of  two  or  more  screen  chutes 
with  a  slight  elevation  of  the  tipple. 

In  Fig.  978  the  dump  is  shown  at  A^  the  screens  at  M, 
the  brake  bearings  at  B,  the  loading  basket  at  P,  the  rope 
or  chain  by  which  it  is  raised  or  lowered  is  shown  at  7",  the 
drum  over  which  the  rope  or  chain  passes  is  shown  at  Uy  and 
the  counterweight  at  X,  The  deflecting  chutes  are  shown 
at  R.  The  loaded  cars  from  the  mine  and  the  empty  cars 
to  the  mine  are  handled  in  a  manner  similar  to  that  shown 
in  Fig.  974.  

BOX-CAR  LOADBR. 

2663*  A  box-car  loader  is  the  name  of  a  device, 
operated  by  power,  for  throwing  the  coal  towards  each  end 
of  the  railroad-car,  after  it  has  been  chuted  into  the  car 
door.  The  loader  consists  of  a  pointed  ram,  oscillating  hori- 
zontally, which  can  be  moved  in  and  out  of  the  car  door. 
It  is  located  on  the  opposite  side  of  the  lump  or  mine-run 
track  from  the  tipple. 

When  coal  is  to  be  loaded,  the  nose  of  the  ram  is  moved 
into  the  car,  and  as  the  load  of  coal  is  chuted  down  against 
It  a  double  plow-like  surface  on  the  nose  of  the  ram  oscillates 
rapidly  and  throws  it  to  the  end  of  the  car.  Wheii  loaded, 
the  ram  is  withdrawn.  Coal  is  considerably  broken  where 
this  machine  is  used. 
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WEIGHING. 

2004.  In  some  cases  the  weight  of  coal  loaded  in  mine- 
cars  is  estimated  by  volume;  that  is,  cars  are  constructed  of 
such  a  number  of  cubic  feet  capacity  as  will  hold  1^  or  2 
tons.  This  capacity  will  vary  with  coals  of  different  specific 
gravities,  and  must  be  determined  in  each  case,  especially 
at  isolated  mines.  This  method  applies  very  well  for  friable 
coal  that  will  leave  no  large  vacant  spaces  in  the  car,  and 
where  the  coal  is  loaded  level  or  a  few  inches  above  the  side- 
boards. If  the  coal  consists  mostly  of  large  sizes,  or  if  the 
cars  are  loaded  much  above  the  sideboards,  the  coal  should 
be  weighed. 

Where  the  price  paid  for  mining  per  ton  is  for  mine-run, 
coal  may  be  weighed  in  the  mine-cars  at  the  tipple  platform 
by  passing  the  loaded  cars  onto  one  or  two  scales,  as  the 
arrangement  of  one  or  two  loaded  tracks  require. 

The  scales  should  be  located  at  a  point  where  the  cars  can 
conveniently  come  to  a  standstill,  and  then  be  readily  moved 
to  the  tipple.  Different  locations  are  shown  in  the  various 
plans  of  the  surface  arrangements,  depending  somewhat 
upon  the  system  of  tracks. 

The  scales  should  be  located  handy  to  the  tipple,  so  that 
the  result  of  the  inspection  of  the  coal  may  be  known  imme- 
diately after  its  weighing  and  the  miner's  check  collected. 

Where  there  is  no  screening,  and  the  mine-run  only  is 
loaded  on  railroad-cars,  the  weighing  can  be  conveniently 
done  by  track-scales,  under  the  railroad-cars,  as  they  stand 
opposite  the  chute  to  be  loaded.  A  possible  error  in  esti- 
mating the  weight  of  an  empty  mine-car  is  thus  avoided. 
In  this  case  the  checks  removed  from  the  mine-cars  above 
must  be  delivered  by  some  device  to  the  weighman  below; 
and  if  coal  from  above  is  run  to  the  boilers  or  other  points, 
some  provision  must  be  made  to  weigh  it,  in  case  weighing 
is  necessary.  The  arrangement  for  weighing  on  railroad- 
cars  can  also  be  applied  where  only  the  weighing  of  lump 
coal  is  required,  or  a  combination  of  the  above  and  of  weigh- 
ing on  scales  at  the  tipple  platform  can  be  used,  where  the 
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weight  of  lump  coal  and  screenings  less  than  1^  inches  are 
each  necessary. 

It  is  preferable  in  this  arrangement  that  the  scales  below 
be  connected,  by  a  system  of  levers,  to  a  weigh-beam  on 
the  tipple  platform,  handy  to  the  tipple,  so  that  the  weigh- 
man  can  more  carefully  watch  the  several  operations,  and, 
therefore,  be  less  liable  to  error  in  recording  the  weights  of 
the  different  products  contained  in  each  mine-car. 

Usually,  only  the  lump  coal  passing  over  the  screens  with 
1^-inch  openings  is  weighed.  In  this  case,  a  convenient 
arrangement  is  shown  at  Z,  Fig.  974,  and  at  By  Fig.  978, 
wherein  the  loading  or  discharge  baskets  are  suspended  to 
scale  bearings,  either  on  or  just  under  the  tipple  platform, 
and  by  a  system  of  levers  the  weight  is  transmitted  to  the 
weigh-beam  Q  near  the  tipple  horns. 

It  is  sometimes  necessary  to  weigh  a  certain  size  of 
screening  that  has  been  separated  from  the  mine-run  after 
dumping,  which  is  to  be  used  for  coal  washing  or  coking, 
and  is  removed  from  the  bin  under  the  tipple  to  the  latter 
plants  by  elevators  or  conveyors.  In  this  case,  the  screen- 
ings are  caught  in  a  hopper  resting  on  scales  and  connected 
with  the  weigh-beam  in  the  platform  above. 


CLEANING  COALr. 

2665.  If  the  amount  of  cleaning  that  the  coal  requires 
is  moderate  and  confined  to  picking  the  slate  from  the  lump 
coal,  it  will  suffice  to  allow  room  to  lay  a  narrow  track 
alongside  of  the  lump  track,  so  that  mine-cars  or  smaller 
ones  can  be  placed  alongside  of  the  railroad-car  being  loaded 
with  lump  coal.  The  slate  picked  from  the  coal  can  be 
dropped  into  these  small  cars,  which  can  be  run  over  a  track 
to  some  dumping  point.  If  there  is  considerable  slate, 
rock,  and  impurities  in  the  lump  coal,  it  will  be  necessary 
to  plan  the  tipple  especially  for  the  purpose  of  picking  or 
breaking  the  lumps  to  remove  it.  Fig.  979  shows  in  eleva- 
tion and  plan  an  arrangement  for  this  work. 

It  is  desirable  that  there  be  as  many  tipple  dumps  as 
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possible,  so  as  to  deposit  the  coal  at  many  points,  to  permit 
of  room  and  time  for  a  sufficient  number  of  hands  to  pick 
over  the  coal. 

The  slate  pickers  are  seated  along  a  platform  /.  They 
regulate  the  flow  of  coal  down  the  chute  towards  them  by  a 
lever  E  operating  a  gate  C  A  small  quantity  is  allowed  to 
flow  onto  the  picking  platform,  which,  after  being  picked, 
is  shoveled  through  the  coal-hole  G  into  the  bin  AT,  and  the 
slate  is  thrown  into  a  slate  chute  H,  The  fine  coal  from 
the  screen  is  conveyed  away  through  chute  y,  and  the  slate 
is  loaded  into  a  slate  car  for  removal  through  chute  //. 
The  coal  in  the  bins  K  is  loaded  into  railroad-cars  by  open- 
ing the  gate  N^  which  is  operated  by  the  rope  M  attached 
to  the  lever  Z. 

Where  the  nature  of  the  location  and  existing  arrange- 
ments will  not  permit  of  the  width  of  tipple  platform 
required  in  this  case,  and  only  one  or  two  tipples  are  used, 
an  endless  belt  or  conveyor,  with  a  sheet-steel  surface  made 
in  sections,  can  be  introduced  at  the  foot  of  the  chute,  and 
caused  to  move  either  in  the  direction  of  the  tipple  or  at 
the  right  of  it,  on  which  the  coal  from  the  tipple  is  received 
and  carried  along  in  front  of  slate  pickers  on  either  side  of 
it.  The  belt  moves  slowly,  and  its  length  and  speed  will 
depend  upon  the  time  required  to  clean  the  coal.  The  belt 
may  discharge  the  picked  lump  coal  directly  into  a  railroad- 
car  or  into  a  bin. 

If  the  nut  coal  is  to  be  picked,  to  free  it  from  slate,  etc., 
it  should  first  be  passed  over  a  revolving  or  shaking  screen, 
to  obtain  a  uniform  size  free  from  smaller  coal.  It  can  then 
be  run  in  one  or  more  spouts,  passing  in  front  of  as  many 
slate  pickers  as  may  be  necessary  to  clean  it.  If  the  nut 
coal,  after  screening,  is  delivered  at  too  low  an  elevation,  it 
is  raised  by  elevators,  located  between  the  railroad-tracks, 
to  a  proper  height  for  spouting,  picking,  and  loading  into 
bins  or  railroad-cars. 

If  the  impurities  in  nut  coal  or  smaller  sizes  are  consider- 
able, the  cleaning  can  be  done  thoroughly  only  by  coal 
washing,  which   requires    that    there    be  not   too   great    a 
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difference  in  the  sizes  of  the  coal.  To  obtain  close  sizes, 
either  revolving  or  shaking  screens  should  be  used,  with 
circular  perforations. 

HANDLING   OF   ROCK    AND   ^ITASTE. 

2666.  In  mines  with  seams  of  fair  height,  say  4  feet 
upwards,  and  of  clean  coal,  the  amount  of  rock  and  waste 
produced  underground  that  must  be  hoisted  and  dumped 
will  not  be  great.  In  small  seams,  or  seams  with  thick 
slate  partings,  generally  the  rock  and  waste  can  be  disposed 
of  in  the  gob  by  some  system  of  mining,  as  longwall,  or  in 
pack-walls  in  the  width  of  room  workings.  But  even  in  these 
cases  it  may  be  frequently  necessary  to  hoist  rpck  at  times 
in  considerable  quantities,  should  heavy  falls  occur,  or  in 
case  of  heaving  of  fireclay  bottomr,  crushes,  and  creeps. 
Provisions  for  handling  rock  in  these  events  will  greatly 
reduce  interferences  with  the  work. 

Storage  of  rock  underground,  in  some  places,  is  a  source 
of  danger  from  fire,  and  in  such  cases  it  should  be  hoisted. 

A  rock  dump  may  be  provided  outside,  where  the  waste 
will  not  be  an  obstruction,  and  where  a  good  height  for  a 
dump  can  be  secured.  This  may  be  somewhere  between  the 
mine  outlet  and  the  tipple,  provided  the  return  of  the 
empty  cars  to  their  proper  track  can  be  conveniently 
arranged.  If  not,  a  dump  beyond  the  tipple  and  railroad- 
track  will  be  preferable,  the  cars  of  rock  being  carried 
thereto  on  a  trestle  over  the  railroad-tracks.  If  no  available 
space  exists  for  a  rock  dump,  arrangements  may  be  made 
for  carrying  away  the  rock  on  railroad-cars,  in  which  case  a 
rock  dump  can  be  provided  in  the  tipple,  the  rock  being 
dumped  into  a  bin,  from  which  it  can  be  loaded  into  a 
railroad-car  and  carried  away  as  desired. 

A  variety  of  arrangements  for  switching  out  cars  of  rock 
as  they  arrive  from  the  mine  is  shown  for  different  condi- 
tions and  requirements  in  the  plans  of  the  surface  arrange- 
ments of  mines.  At  drift  and  gravity-plane  mines,  the  rock 
can  be  generally  switched  out  immediately  after  coming  out 
of  the  mine   and  before  passing  to  the  tipple,  as  there  is 
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plenty  of  height  for  a  rock  dump  on  the  hillside  in  front  of 
the  plant  location. 

Cars  of  rock  can  be  dumped  on  ordinary  tipple  horns, 
which  are  extended  on  a  trestle  as  the  dumping  ground  fills 
up,  immediately  below  the  tipple.  Rock  cars  are  sometimes 
run  under  a  derrick  provided  with  a  windlass  and  chain,  or 
rope,  with  a  hook  at  the  end  of  it,  which  is  put  into  the  eye 
of  the  draw-bar  at  the  rear  of  the  car.  The  rear  of  the  car 
is  then  raised  by  the  chain  and  windlass  high  enough  to  let 
the  rock  run  out.  This  arrangement  does  not  require  tipple 
horns,  the  track  and  the  derrick  being  extended  as  the  dump 
fills  up. 

Another  arrangement  is  to  erect  a  set  of  tipple  horns  on 
a  truck  running  on  a  track  about  2  feet  lower  than  the 
rock  track.  The  car  of  rock  is  run  onto  the  tipple  horns  of 
the  truck,  and  then  with  its  load  hauled  to  the  rock  dump, 
where  the  car  of  rock  is  dumped  by  the  tipple  horns  tilting 
on  the  truck.  The  truck  with  the  empty  car  is  returned  to 
the  starting  point  and  the  empty  rock  car  removed. 

In  some  locations  the  amount  of  rock  or  the  lack  of 
dumping  ground  necessitates  hoisting  the  cars  of  rock  up 
an  inclined  plane  and  dumping  at  considerable  height  above 
the  level  of  the  surrounding  ground,  and  at  some  distance 
from  the  operations.  These  cars  can  be  arranged  to  dump 
at  the  side  by  gates  opening  in  these  directions,  and  the  car 
divided  by  chutes  sloping  from  the  center  towards  the  sides. 
The  rock  can  be  loaded  into  these  cars  under  bins  in  the 
tipple  structure,  into  which  the  rock  has  been  dumped  from 
cars  from  the  mine  or  by  self-dumping  cages. 


ARKANGBMBNTS  FOR  HANDLING  COAL  BASIL Y  BROKBN 

IN  DUMPING. 

2667.  Fig.  973  shows  a  cradle  for  dumping  coal  that 
breaks  easily  from  the  force  with  which  it  strikes  the  chute. 
The  weight  of  the  load  in  the  cradle  causes  it  to  tip,  and  in 
so  doing  it  raises  a  counterweight.  When  the  cradle  and 
car  have  turned  sufficiently  to  dump,  a  brake  is  applied, 
holding  them  in  this  position.     The  door  on  the  top  of  the 
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cradle  which  holds  the  coal  in  the  car  is  opened  automatic- 
ally and  releases  the  coal,  which  flows  out  gently  into  the 
chute.  The  door  then  closes,  and,  the  brake  being  released, 
the  counterweight  causes  the  cradle  to  return  to  its  first 
position,  and  the  car  is  then  removed. 

2668.  An  arrangement  is  shown  in  Fig.  980  for  lower- 
ing coal  that  breaks  up  badly  from  grinding  in  the  chute 
and  from  the  force  with  which  it  strikes  the  car.  This  con- 
sists of  an  inclined  car  A^  without  a  bottom,  in  the  chute, 
its  sides  resting  on  the  chute  and  screen  bars.     The  coal 
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from  the  mine-car  B  is  dumped  into  this,  and  the  weight 
of  the  coal  in  the  inclined  car  causes  it  to  move  down  the 
plane,  screening  the  load  as  it  descends.  A  wire  rope  C  is 
attached  to  the  car  at  one  end,  and  to  a  brake  drum  D  at 
the  other,  the  descending  car  raising  a  counterweight  Won 
the  opposite  side  of  the  drum.  When  it  reaches  the  bottom 
of  the  chute  a  brake  is  applied  to  the  drum,  holding  the  car 
at  the  bottom  of  the  chute,  while  its  end  gate  G  opens  au- 
tomatically and  the  load  drops  into  the  railroad-cars.  The 
brake  is  then  released,  and  the  counterweight  causes  the 
empty  car  A  to  return  to  the  head  of  the  chute  to  receive 
another  load. 
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2669.  If  there  is  much  fine  coal,  so  that  the  screening 
is  imperfect  in  securing  large  lumps  over  the  ordinary 
screen  bar,  an  arrangement  as  shown  in  Fig.  981  may  be 
introduced.  The  coal  is  dumped  from  a  mine-car  A^  either 
on  an  ordinary  tipple  or  in  a  cradle,  onto  a  shaking  screen 


Fig.  981. 


B  with  circular  perforations.  The  coal  moves  gently  over 
this  and  is  thoroughly  screened,  and  drops  into  a  loading 
basket  C,  operated  similar  to  that  in  Fig.  974. 

This  basket  can  be  arranged  to  have  any  amount  of  play, 
vertically,  between  the  end  of  the  screen  and  the  railroad- 
cars  into  which  it  is  to  deposit  the  coal.  The  basket  C  is 
suspended  by  the  rope  H  passing  over  the  brake  drum  G 
and  connected  with  the  counterweight  W.  As  the  weight 
of  the  coal  lowers  the.basket  C,  it  is  opened  by  the  rope  E  E 
passing  over  pulleys  Py  Py  P  to  the  windlass  /^     This  rope  E 
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can  readily  be  adjusted  for  opening  the  basket  at  any  height, 
so  that  the  coal  will  not  be  broken  by  striking  the  car.  As 
the  load  in  the  car  increases  in  height,  the  basket  can  be 
adjusted  to  open  higher  up. 

If  the  height  of  the  mine  landing  above  the  railroad- 
tracks  is  too  great  to  immediately  introduce  tipples  between 
the  two  points,  similar  to  those  described,  or  if  a  gravity 
plane  can  not  be  used,  then  an  arrangement  for  vertically 
lowering  the  coal  may  be  used,  as  shown  in  Fig.  970. 

From  the  lower  landing  any  of  the  tipple  arrangements 
already  described  may  be  used  to  suit  the  conditions  and 
requirements. 

2670«  Arrangement  of  Tipples  for  Increasing 
Dumping  Capacity. — Fig.  982  shows  an  arrangement  of 


ft^ 


fi^ 


± 


Fig.  968. 


tipple  with  several  dumping  points  for  increasing  the  capac- 
ity of  the  mine  and  for  shipping  several  sizes  of  coal,  or  all 
mine-run,  as  desired.  On  this  figure  the  loaded  tracks  from 
the  mine  to  dumps  are  marked  a  and  the  empty  tracks  6, 
The  dumps  A^  A  and  C,  C  are  for  coal  to  be  screened,  and 
the  dumps  B^  B  for  coal  to  be  shipped  as  run-of-mine.  The 
scales  are  shown  at  s.     The  railroad-tracks  are  arranged  as 
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follows:  Ay  A,  lump-coal  tracks;  B,  B,  nut-coal  tracks;  C, 
run-of-mine  track,  and  D^  D,  slack  tracks. 

2671.  Construction  of  Tipple. — Where  the  trestle 
is  built  of  timber,  posts  10  inches  to  14  inches  square  are 
used,  or  the  composite  posts  of  2  pieces  6  X  12  or  7  X  14 
form  bents  for  support  of  the  trestle,  as  shown  in  Fig.  974. 
To  prevent  accidents  in  case  of  fire,  it  is  desirable  that  the 
tipple  be  built  of  steel  or  iron,  especially  if  near  the  mine 
opening,  and  in  any  case  if  it  is  possible.  The  roof  should 
always  be  of  corrugated  iron. 
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RAILROAD-TRACKS. 

2672.  There  should  be,  in  addition  to  the  branch  from 
the  main  line  of  the  railroad,  a  track  for  each  size  of  coal 
produced,  and  also  a  track  for  receiving  material,  etc.,  if 
the  conditions  require  it. 

Railroad-tracks  are  generally  spaced  14  to  16  feet  from 
center  to  center.  They  may  be  less  than  this ;  but,  to  per- 
mit of  tracks  being  laid  between  the  bents  of  the  tipple- 
platform  trestle,  they  should  be  about  this  distance,  especially 
if  some  clearance  around  the  cars  is  needed  for  men,  or  .if 
tracks  are  on  a  curve  under  the  trestle. 

The  curves  of  standard-gauge  railroad-track  sidings 
should  not  exceed  12°  (478  ft.  radius),  and  it  is  preferable  if 
they  do  not  exceed  7°  30'  curves  (764.5  ft.  radius).  This 
latter  is  the  usual  radius  for  turnout  curves  at  switches, 
and  requires  about  a  No.  8  or  No.  9  frog  in  the  turnouts 
from  straight  tracks. 

In  the  case  of  turnouts  with  this  curve  connecting  two 
parallel  tracks,  14  feet  between  centers,  the  distance  from 
the  point  of  tangency,  or  beginning  of  curve  to  the  revers- 
ing point  between  the  two  tracks,  will  be  about  103  feet, 
and  the  distance  between  the  points  of  tangency  of  the  two 
tracks  will  be  twice  this,  or  206  feet. 
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2673.  The  length  of  railroad  sidings  required  at  a 
mine  will  depend- on  the  output,  number  of  sizes  of  coal  to 
be  produced,  and  storage  room  required. 

If  only  sufficient  empty  railroad-cars  are  needed  to  be 
stored  for  one  day's  output,  the  length  of  the  siding  will  be 
found  from  the  following  expression : 

Daily  output  of  mine         .       ^i_    r      -i       ^ 

4 ~ — n i X  length  of  rail  road -car. 

Capacity  of  railroad-car 

The  storage  track  for  empties  may  be  either  single  or 
double  track,  as  the  location  will  permit. 

The  length  of  this  siding  will  begin  above  all  the  switches 
leading  to  the  various  tracks  under  the  tipple,  so  that  empty 
cars  can  be  dropped  down  to  any  point  required  for  loading, 
and  incoming  empties  can  be  placed  above  the  chute  without 
shifting  the  loads. 

The  length  of  the  tracks  below  the  chute  for  each  size  of 
coal  will  depend  upon  the  proportion  of  each  size  produced, 
and  the  length  should  be  measured  in  the  straight  track, 
not  including  the  switches  at  the  tipple  or  the  switches 
leading  from  the  tracks  into  the  main  empty  siding. 

If  run-of-mine  coal  is  loaded  always,  or  at  times,  there 
should  be  sufficient  storage  on  this  track  for  the  whole  out- 
put, either  on  a  single  or  a  double  track.  The  arrangement 
of  these  tracks  is  shown  in  the  different  plans  of  the  surface 
arrangements  of  mines. 

A  repair  track,  on  which  to  switch  crippled  empties,  is 
sometimes  necessary,  and  if  there  is  not  a  material  track 
that  can  be  used  for  this  purpose,  a  repair  track  should  be 
provided. 

The  grades  of  the  empty  tracks  above  the  chute  should 
be  at  least  J  foot  per  lOO  feet,  although  1  foot  per  100  feet 
is  better,  especially  over  switches,  or  if  there  is  much  curva- 
ture. A  grade  of  one  foot  per  100  feet,  for  200  feet,  should 
be  provided  at  the  tipple,  to  start  the  cars  promptly  when 
loaded.  For  the  balance  of  the  distance  the  loaded  tracks 
should  have  at  least  ^  foot  per  100,  or  J  foot  per  100  feet  is 
better,  especially  if  there  is  much  curvature.     A  1^  grade 
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is  sometimes  too  steep,  it  being  difficult  to  control  loaded 
cars  if  they  get  much  headway  and  brakes  work  with 
difficulty. 


MINE.CAR   TRACKS. 

2674.  The  gauge  and  distance  apart  of  mine  tracks 
depend  upon  the  size  of  the  cars  and  other  requirements, 
which  vary  considerably  with  the  conditions  of  mining  in 
different  places. 

For  cars  with  small  wheels  12  or  14  inches  in  diameter, 
and  18  to  20  inches  from  center  to  center  of  axles,  and 
3-foot  gauge,  curves  of  12  feet  radius  can  be  used;  but  at 
least  20  or  25  feet  radius  should  be  used,  and  these  should 
be  the  sharpest  curves  for  larger  cars  with  wheels  16  to  18 
inches  in  diameter. 

2675.  It  has  been  indicated  what  the  grades  should  be 
for  mine-car  tracks  at  shaft  and  slope  landings  for  short 
distances,  where  it  is  desired  to  introduce  such.  For  long 
tracks,  where  the  cars  may  run  by  gravity  from  the  mine 
outlet  to  the  tipple,  generally  a  grade  of  16  inches  for  the 
first  100  feet,  12  inches  for  the  next  100  feet,  and  9  inches 
per  100  feet  for  the  balance  of  the  distance  will  be  sufficient 
with  track  in  ordinary  condition  and  where  cars  with  12  or 
14  inch  wheels  are  used. 

These  grades  may  be  2  or  3  inches  lighter  per  100  feet 
where  cars  with  wheels  16  or  18  inches  in  diameter  are  used, 
and  where  the  track  is  in  good  condition  and  straight,  or 
has  very  light  curves. 

The  empty  cars,  returning  by  gravity,  should  have  a 
grade  of  about  1  foot  in  100,  which  should  be  reduced  for 
the  last  100  feet  or  200  feet  if  it  is  desired  to  bring  them  to 
a  standstill  before  entering  the  mine.  It  is  important  that  a 
steep  grade  be  given  at  the  start,  in  this  case  say  ^  foot  in 
20  feet,  where  the  cars  start  from  a  standstill. 

2676.  Where  gravity  tracks  are  used,  some  arrange- 
ment, as  shown  in  Fig.  974,  is  necessary  to  raise  the  empties 
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high  enough  to  return  them  to  the  mine,  unless  they  are 
removed  by  motor  or  rope  haulage. 

It  is  preferable  to  introduce  this  car  lift  at  the  tipple,  as 
the  tracks  near  the  yard  and  shops  can  then  be  maintained  at 
nearly  a  level.  It  is,  however,  sometimes  introduced  at 
the  latter  point,  in  which  case  the  tracks  at  the  tipple  are 
nearly  level. 

Where  mule,  motor,  or  rope  haulage  is  used  for  handling 
the  trips  outside  for  some  distance,  and  it  is  not  desired  to 
maintain  a  difference  in  the  elevation  of  parallel  loaded  and 
empty  tracks,  a  down  grade  of  about  1  foot  per  100  feet 
will  facilitate  the  movement  of  the  loads  towards  the  tipple, 
and  the  empties  can  be  readily  returned  up  the  same  grade. 

The  length  of  mine-car  sidings  will  depend  upon  the  vari- 
ous conditions,  as  the  length  of  cars,  number  of  cars  in  a  trip, 
and  the  frequency  of  arrival  of  trips  outside,  depending  upon 
a  long  or  short  haul. 

At  a  shaft  mine  with  landing  on  a  trestle  the  tracks  are 
planned  only  with  sufficient  length  for  handling  single  cars, 
and  permit  of  introducing  the  necessary  turnouts,  switches 
for  rock,  etc.,  and  return  empty  tracks.  With  these  ar- 
rangements, there  is  frequently  sufficient  room  for  holding 
several  loaded  and  empty  cars,  as  a  reserve  in  case  of 
slight  delays. 

If,  however,  there  be  some  dependent  operation,  as  coke 
making,  for  which  the  coal  is  dumped  into  bins  to  supply 
the  ovens,  and  they  are  full,  it  may  be  desired  to  hold  the 
coal.  For  this,  storage  tracks  for  loads  and  empties  suffi- 
cient to  bridge  over  usual  delays  are  best  arranged  under- 
ground. On  the  yard  level  outside  there  should  be  sufficient 
side-tracks  to  hold  all  the  mine-cars,  in  case  it  is  necessary 
at  any  time  to  remove  them  from  the  mine. 

At  a  shaft  mine  with  landing  on  natural  ground  and  some 
distance  between  the  shaft  and  tipple,  any  storage  room 
needed,  as  above,  for  loads  and  empties  can  be  arranged 
outside.  At  a  slope  mine,  if  provision  is  necessary  for  the 
accumulation  of  any  loads  or  empties,  it  must  be  arranged 
underground. 
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The  landing  room  for  trips  hoisted  from  the  mine  should 
be  a  little  longer  than  the  number  of  cars  in  the  trip  require, 
and  the  empty  return  tracks  should  have  length  enough  to 
have  one  complete  empty  trip  in  readiness  for  return  to  the 
mine,  and  a  second  one  nearly  made  up. 

At  a  drift  mine  with  a  short  haul,  or  frequent  arrivals  and 
departures  of  short  trips,  the  sidings  can  be  short.  This  is 
the  case  where  the  arrangement  of  the  haulage  tracks  inside 
permits  of  moving  several  trips  in  either  direction  at  the 
same  time,  as  with  mules,  endless-rope,  or  locomotive  haul- 
age. Long  sidings,  however,  are  necessary  where  long  trips 
are  moved,  on  account  of  long  haul,  and  either  the  above 
systems  or  tail-rope  haulage  is  used. 

2677*  The  method  of  determining  the  length  of  siding 
required  can  best  be  ascertained  by  taking  the  following- 
examples  : 

Suppose  the  cars  to  be  of  1  ton  capacity,  the  trips  to  arrive 

every  20  minutes,  and  the  mine  to  work  8  hours  per  day, 

.         8(hr.)  X  60(min.)       _.     .  u        r  4.  •  ^ 

then  — ^^ — TTT-T — :— ^r =  24,  the  number  of  trips  per  day. 

20  (mm.)  r    r  J 

If  the  output  is  1,500  tons  a  day,  then   '      .}" . — r-^  =  62  = 

the  number  of  tons  hauled  per  trip. 

If  the  cars  are  of  1  ton  capacity,  then  there  must  be  62 
cars  on  the  trip. 

If  the  cars  are  7  feet  long,  then  the  length  of  the  siding 
for  the  arrival  of  the  trip  should  be  62  X  7  =  434  feet  long. 

In  the  calculation  of  the  length  of  mine-car  tracks  the  un- 
certain factor  of  delays  and  accidents  makes  it  desirable  to 
allow  double  the  calculated  length  or  more,  if  the  expense 
can  be  incurred  and  the  location  will  permit,  so  that  double 
the  above  length,  or  (434  X  2)  868  feet,  of  siding  should  be 
allowed  for  both  the  loaded  and  empty  track. 

2678*  To  find  the  number  of  cars  required  for  mi- 
ning operations,  the  following  example  may  be  taken  as  an 
illustration : 

Estimating  the  length  of  haul  underground  as  1  mile,  at 
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a  speed  of  (i  miles  per  hour  it  will  require  10  minutes  to 
make  a  trip  in  one  direction;  the  total  time  for  a  round  trip 
will  be  as  follows: 

Hauling  empty  1  mite 10 

Distributing,  loading,  and  gathering  cars. ...   1  hr.  00 

Hauling  loads  1  mile 10  mi 

Dumping  and  returning  to  mine 20  mi 

Contingencies 20  mi 

Total 3  hr.  00  mi 

Therefore,  if  it  requires  2  hours  for  a  car  to  make  a 
round  trip,  a  car  will  make  only  i  trips  a  day 

If  the  capacity  of  the  car  is  1  ton,  then  1  car  will  handle 
4  tons  a  day,  and  it  will  require  (1,500  tons  daily  output  -r- 
4  tons)  375  cars  to  handle  the  output. 

2679.     In  laying  out  a  turnout,  or  in  connecting  one 

straight  track  with  another,  the  following  rule  will  deter- 

mine   the  distance   between 


[  ^  the  switch  and  the  frog:  The 

Ts:~ ■  distance  from  the  switch,  or 

\_^  point  of   curve,  to  the  frog 

\.  may  be  found  by  multiplying 

^  twice  the  radius  of  the  curve 

by  the   gauge   of   the   track 

ratal  ■  and   extracting    the    square 

root  of  the  product.     Or,  by 

/  referring  to  Fig.  083  for  the 

^'°-  •*■  meaning    of    the   letters,    it 

will  be  seen  that   the  rule  can  be  briefly  expressed  in  the 

formula  

L  =  i/Tir3.  -(214.) 

COAL-WASHING  PLANT. 
2680.  If  a  washing  plant  is  necessary  for  cleaning  coal 
for  shipment  or  for  coke-ovens,  it  may  be  located  near  the 
tipple,  and  the  sizes  produced  in  screening  delivered  there 
by  elevators  and  conveyors  removing  the  coal  from  under 
the  screens  of  the  coal  tipple. 
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If  the  coal  washer  is  located  at  some  distance  from  the 
tipple,  it  should  be  along  the  railroad-track.  The  coal  is 
best  conveyed  there  as  one  size,  generally  as  coal  less  than 
1|  inches  in  size,  either  by  conveyors  or  railroad-cars,  which 
deposit  it  in  a  pit,  from  which  it  is  lifted  by  an  elevator, 
and  then  separated  at  the  washer  plant  into  the  sizes  best 
suited  for  washing.  Th^  coal-washing  plant  should  be 
handy  also  to  the  head  of  the  lines  of  coke-ovens  if  the 
cleaned  product  is  to  be  used  for  coking. 


COKE-OVENS. 

2681.  Beehive  coke-ovens  are  generally  12  feet  in 
diameter  and  6^  or  7  feet  high.  They  may  be  built  either 
in  single  rows  or  in  blocks.     The  latter  are  shown  in  Fig.  984. 

They  should  be  located  so  that  the  charging  larry  j5, 
after  being  loaded  at  the  coal-bins  A,  can  be  run  down  the 
track  on  top  of  the  ovens,  which  has  a  grade  of  at  least  1 
in  100.  This  track  should  be  supported  on  piers  and  to  one 
side  of  the  tunnel  head  of  the  ovens  C,  so  that  the  larry 
will  not  be  exposed  to  the  heat  of  the  ovens.  By  referring 
to  Fig.  984,  the  coke  wharf  Z>,  with  a  height  of  8  feet,  .will 
be  seen,  with  coke  cars  £  in  position  for  loading.  The  lar- 
ries  are  moved  over  the  tracks  by  an  endless  rope  G  operated 
by  an  engine  located  under  the  tracks  at  F, 

It  is  preferable  that  the  coke-ovens  C  be  situated  on  the 
same  side  of  the  railroad-track  that  the  mine  is,  but  some 
distance  away.  If  they  are  built  beyond  the  railroad- 
tracks,  a  trestle  can  be  built  from  the  landing  platform  of 
the  mine,  over  the  railroad-tracks,  to  the  coal-bins  of  the 
coke-ovens. 

If  the  location  for  the  coke-ovens  does  not  permit  of  a 
down  grade  for  the  loaded  larry,  or  if  an  opposite  grade  is 
necessary,  rope  haulage  can  be  introduced,  as  shown  in  Fig. 
984.  Loaded  larries  may  be  hauled  up  a  grade  of  'd^  or 
more  with  an  arrangement  of  endless-rope  haulage,  as  here 
shown. 

A  plant  of  100  ovens,  12  feet  diameter,  in  a  single  row. 


-z-:-.     •  i:-  --  :.-.■■  feet. 


'Cx' 


*^r^==^^^^.^^.=^^ 


A  plant  of  I'Xl  block  ovens  requires  a  width  of  98  feet 

r'xn  ihi;  c'jntcr  of  the  railroad-track  and  a  length  of  about 
IK-  feet,  with  bins,  etc. 
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The  charge  for  a  coke-oven  is  about  5  tons.  One  hundred 
ovens  running  on  48-hour  coke  will  require  250  tons  daily. 
The  capacity  of  the  bins  should  be  about  equal  to  this. 

Estimating  42  cubic  feet  of  coal  to  a  ton,  the  contents  of 
the  bins  must  be  10,500  cubic  feet. 

A  height  of  50  to  60  feet  is  needed  from  the  railroad- 
track  to  the  top  of  the  coal-bins  at  the  coke-oven  plant. 
The  tipple  landing  should  be  arranged  on  a  level  with  the 
top  of  the  bins,  if  possible,  where  mine-run  is  coked. 

If,  however,  screenings  are  coked,  the  above  arrangement 
is  not  of  such  importance,  a^  the  screenings  will  generally 
have  to  be  raised  by  elevators  to  the  bins. 

If  the  tipple  platform  can  not  be  arranged  on  a  level  with 
the  top  of  the  coke-oven  bins,  or  if  the  elevation  of  the 
ground  for  the  site  of  the  coke-oven  plant  is  not  sufficiently 
low  to  make  the  top  of  the  bins  on  a  level  with  the  tipple 
platform  and  lead  the  railroad-tracks  to  the  ovens,  then  it 
will  be  necessary  to  arrange  a  short  incline  for  hoisting  the 
mine-cars  from  the  tipple  platform  to  the  top  of  coke-oven 
bins. 

WATER-SUPPLY. 

2682.     The  water-supply  may  be  obtained  as  follows: 

1.  From  the  mine  water,  if  in  sufficient  quantity  to  be 
pumped  from  the  mine  to  a  reservoir,  provided  the  presence 
of  sulphur,  alkali,  and  impurities  does  not  exclude  its  use. 
If  the  water  is  dirty  or  contains  suspended  matter,  it  will 
require  settling  before  use. 

2.  From  springs  or  streams  at  higher  elevation  than  the 
mining  operations,  the  water  from  which  may  be  held  in  a 
reservoir  at  sufficient  height  above  operations  to  afford  suf- 
ficient head  for  pressure  at  the  works. 

3.  From  sources  lower  than  mining  operations  or  from 
deep  wells,  requiring  pumping  stations  to  force  the  water 
through  a  water-main  to  a  reservoir  at  sufficient  height  above 
the  operations  for  pressure. 

In  the  erection  of  a  pumping  station,  the  site  should  be 
considered  with  reference  to  its  location  near  tracks  for  the 


94  SURFACE  ARRANGEMENTS  g  24 

supply  of  fuel,  or,  if  at  a  distance,  with  reference  to  the 
means  of  getting  coal  to  the  plant. 

If  mine  water  can  be  used  in  any  of  the  operations,  as  for 
boilers,  coal  washing,  or  coking,  it  should  be  held  in  a  sep- 
arate reservoir  from  the  fresh-water  supply.  Water  with 
some  sulphur  may  be  unfit  for  boilers,  but  suitable  for  coal 
washing  or  coking,  although  sometimes  there  may  be  too 
much  sulphur  in  the  water  to  permit  of  its  being  used  for 
any  purpose. 

2683«  Whatever  may  be  the  sources  of  the  supply,  the 
water  will  be  stored  or  collected  in  reservoirs,  made  as 
follows : 

1.  Made  by  an  earth  dam  or  breastwork  thrown  across  a 
ravine.  The  inside  may  have  to  be  puddled  with  clay  or 
cemented,  to  make  it  hold  water. 

2.  In  tanks  of  wood,  iron,  or  stone. 

Generally,  no  more  than  two  reservoirs  will  be  needed, 
and  one  will  be  sufficient  if  only  a  fresh-water  supply  is 
stored. 

2684.  Style  and  Location  of  Reservoir. — Where 
a  reservoir  can  be  readily  constructed  by  an  earth  dam  at 
sufficient  elevation,  and  the  cost  of  pumping  or  collecting 
water  therein  is  not  very  expensive,  such  will  serve  as  well 
as  a  wood,  iron,  or  stone  tank.  If,  however,  the  cost  of 
pumping  is  expensive,  owing  to  the  distance  of  a  pumping 
plant  from  the  reservoir,  scarcity  of  water,  and  its  evapora- 
tion or  absorption  in  an  earth  reservoir  is  considerable,  then 
a  wood,  iron,  or  stone  tank  should  be  used.  Wooden  tanks 
are  erected  for  temporary  and  iron  or  stone  tanks  for 
permanent  service. 

Where  there  is  no  ground  in  the  vicinity  of  the  operations 
at  a  higher  elevation  than  the  plant,  either  a  wooden  or  iron 
tank  should  be  erected  on  a  trestle  sufficiently  high  to  give 
the  desired  pressure  at  the  works.  The  pressure  need  not 
be  sufficient  to  feed  the  boilers,  as  a  feed-pump  will  generally 
be  used  for  this  work. 

Where  there  is  ground  at  sufficient  height  for  the  location 
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of  a  reservoir,  either  a  wood  or  iron  tank  can  be  used,  and 
need  not  be  located  on  a  trestle.  Or,  if  stone  is  plentiful 
and  the  nature  of  the  soil  will  permit,  a  stone  reservoir  can 
be  constructed,  affording  permanent  service. 

If  there  is  much  sulphur  in  the  water,  it  precludes  the  use 
of  an  iron  tank,  unless  coated  inside  with  paint  or  some  sub- 
stance to  resist  the  action  of  the  sulphur. 

2685«  Construction  of  Eartli  Dam  and  Reser- 
voir.— In  the  excavation  for  a  basin  or  the  building  of  a 
dam,  it  is  preferable  that  the  soil  be  clay  and  well  tamped  as 
its  building  progresses. 

If  the  soil  is  sandy  or  gravelly,  the  building  of  a  dam  may 
be  impracticable  without  borrowing  suitable  material  else- 
where at  too  great  an  expense. 

If  the  soil  can  be  used,  it  may  be  necessary  after  comple- 
tion to  give  the  surface  of  the  reservoir  a  heavy  layer  of 
concrete,  with  a  coating  of  cement. 

The  inner  slope  should  be  2  to  1  and  the  outer  slope  1| 
to  1.  The  top  of  the  embankment  should  be  8  to  10  feet 
wide,  although  this  varies  with  the  height  of  the  reservoir, 
and  may  be  found  from  the  following  expression : 

r=2  +  2i/^  (215.) 

where  T  =  top  width ; 

H  =  height  of  water. 

In  small  reservoirs  the  water  should  be  about  2^  or  3  feet 
lower  than  the  top. 

2686.  Wood  and  Iron  Tanks. — These  are  procured 
ready  made,  ready  for  erection.  The  foundations  of  wood 
tanks  generally  consist  of  4  parallel  bents,  braced  together, 
and  with  stringers  laid  across  the  bents,  on  which  are  placed 
2*^  X  12'  floor  joists  supporting  the  bottom  of  the  tank. 

The  foundations  of  iron  tanks  are  generally  of  stone, 
built  with  4  parallel  piers,  across  which  are  laid  steel  rails 
to  support  the  bottom  of  the  tank. 

2687.  Construction    of    Stone    Reservoirs. — For 

heights  of  8  to  10  feet,  the  inside  of  the  wall  may  be  straight 
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and  the  outside  battered  3  or  5  inches  to  the  foot,  depending 
upon  the  weight  of  the  stone  used.  The  top  width  will  be 
about  18  inches.  The  bottom  of  the  reservoir  should  be 
built  with  stones  laid  closely  together  and  well  filled  with 
mortar  or  concrete.  The  side  walls  are  then  built  up  on  the 
bottom  foundation,  and,  when  complete,  the  whole  interior 
is  coated  with  ^  to  1  inch  of  cement. 

2688.  Amount  of  Water  Needed.— This  will  de- 
pend upon  the  quantity  of  water  needed  in  each  of  the 
different  operations.  In  determining  the  amount  of  water- 
supply  for  a  coal  plant,  the  following  needs  must  be  consid- 
ered: 

1.  Supply  to  boilers;  30  to  35  lb.  of  water  per  H.  P.  per 
hour  should  be  allowed. 

2.  Household  use. 

3.  Shops  and  stables  outside. 

4.  Underground  stables  and  drinking. 

5.  For  air-compressor;  cooling  air. 

6.  For  coke-ovens;  allow  300  gallons  per  oven  watered 
daily. 

7.  For  coal  washing.  The  requirements  per  minute  will 
depend  upon  the  size  of  the  plant.  A  fair-sized  plant  uses 
400  to  600  gallons  per  minute,  but,  as  most  of  this  is  water 
that  is  used  over  and  over,  provision  need  be  made  only  for 
supplying  50  to  100  gallons  for  replenishing  loss  per  minute. 

8.  For  fire  purposes  outside  and  underground. 

Mine  water  may  possibly  be  used  for  these  three  latter 
purposes. 

2689.  Arrangement  of  Pipes. — The  reservoir  is 
filled  with  water  by  a  feed-pipe  from  the  source  of  supply 
flowing  into  the  reservoir  over  its  top.  An  outlet  or  supply 
pipe  supplies  the  works  and  other  points  of  consumption, 
and  draws  water  from  the  bottom  of  the  tank. 

This  pipe  is  laid  from  3  to  6  inches  above  the  bottom  of 
the  reservoir. 

A  pipe  is  also  laid  level  with  the  bottom  of  the  reservoir, 
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with  a  valve  on  the  outside  for  cleaning  the  reservoir  when 
filled  with  dirt  up  to  the  supply  pipe. 

Sometimes  the  feed-pipe  filling  the  reservoir  is  also  made 
a  supply  pipe  to  the  works,  tapping  the  reservoir  at  the 
bottom.  In  this  case,  if  the  water  is  pumped  to  the  reser- 
voir from  a  pumping  station,  a  valve  outside  the  reservoir 
can  be  turned  off,  checking  the  inflow  of  water  to  the 
reservoir  and  permitting  the  full  pressure  of  the  pump  to 
act  on  the  supply  pipes. 

If  there  are  separate  feed  and  supply  pipes,  a  connection 
with  a  system  of  valves  can  be  made  outside,  so  that,  by 
turning  off  a  valve  on  each  of  the  feed  and  supply  pipes  and 
opening  a  valve  in  a  short  pipe  connecting  the  other  pipes, 
a  direct  pressure  from  a  pumping  station  supplying  the 
reservoir  can  be  obtained  in  case  of  fire. 

If  the  above  arrangement  can  not  be  made,  the  supply 
pipe  to  the  important  points  to  be  guarded  against  fire 
should  be  laid,  so  that  connection  can  be  made  with  a  pump 
in  the  boiler  room  to  give  the  necessary  pressure. 

2690.     Size   of  Pipes  for   Main  Reservoir. — The 

size  of  the  feed  and  supply  pipes  will  depend  upon  the 
extent  and  nature  of  the  operations.  An  ordinary-sized 
water-main  is  3  or  4  in.  in  diameter  for  a  mine  and  the 
requirements  connected  therewith,  using  six  boilers,  70  to 
100  H.  P.  each,  requiring  a  reservoir  capacity  of  about 
30,000  gallons,  or  possibly  50,000  gallons  capacity  in  case  of 
accident  to  the  pumps. 

If  the  operations  include  100  coke-ovens,  a  4-inch  water- 
main  should  be  laid,  allowing  about  16,000  gallons  additional 
tank  capacity. 

Where  extensive  coking  operations  and  coal  washing  are 
carried  on,  a  6-inch  water-main  and  a  150,000-gallon  reservoir 
will  not  be  too  large.  Pipes  should  be  laid  below  the  frost 
line  and  well  covered  with  soil.  Around  the  mine  buildings, 
coal  and  rock  dumps,  and  coke  works,  they  should  be  well 
surrounded  with  clay,  so  that  sulphur  in  the  coal  or  water 
can  not  destroy  them. 
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ARRANGEMENT    OF    BUILDINGS,    SHOPS,    ETC. 

2691.  Engine  Room. — A  building  about  34  X  46  feet 
inside  will  be  large  enough  for  an  engine.  This  will  allow 
plenty  of  room  between  its  walls  and  the  engine  to  conve- 
niently work  about  the  latter.  It  should  be  well  lighted,  and 
the  windows  arranged  so  that  the  engineer  can  command  as 
full  a  view  of  the  landings,  etc.,  as  possible. 

Fig.  985  shows  an  arrangement  of  an  engine  room  with 
feed-water  heater  C,  The  steam  to  the  engine  B  is  admitted 
by  a  throttle-valve  n  below  the  floor.  This  prevents  heat- 
ing up  of  the  engine  room  and  delivers  drier  steam  to  the 
engine  than  where  the  throttle  is  over  the  head  of  the 
engineer. 

If  much  water  is  carried  over  with  the  steam  from  the 
boilers  £,  a  steam  separator  should  be  introduced  in  the 
steam  main  just  before  reaching  the  engine. 

Generally,  if  the  main  a  is  large  enough,  any  condensed 
water  can  be  caught  in  a  drip-pipe  b  and  blown  off  occa- 
sionally. 

If  the  location  will  permit,  it  is  a  good  plan  to  locate  the 
boilers  low  enough  so  that  the  steam  main  will  drain  back 
to  the  boilers  from  the  throttle  of  the  engine. 

2692*  Boiler  House. — A  convenient  arrangement  for 
a  boiler  plant  is  also  shown  in  Fig.  985.  The  depth  of  the 
House  is  46  feet.  Its  length  will  depend  upon  the  number 
of  boilers. 

For  six  boilers  its  length  should  be  about  64  feet,  with 
10  feet  at  one  end  for  a  feed-pump  room. 

Sufficient  space  should  be  allowed  in  front  of  the  boilers 
for  stoking,  removing  ashes,  handling  of  rakes,  flue  cleaners, 
and  removing  flues,  etc.,  and  at  the  rear  of  the  boilers  for 
cleaning,  repairs,  etc. 

Boilers  may  be  built  solidly  together  in  a  battery,  although 
it  is  best  to  separate  them  in  nests  of  two,  as  they  can  be 
better  cooled  oflE  for  examination  and  repairs. 

The  stacks  for  boilers  are  generally  No.  12  or  14  sheet 
iron,  28  to  32  inches  in  diameter,  one  for  each  boiler. 
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Sometimes  a  brick  stack  is  erected,  with  flues  leading  to  it 
from  the  boilers.  In  this  case  space  should  be  provided  for 
the  foundation  of  the  chimney,  which  for  six  or  eight  80- 
horsepower  boilers  will  be  about  13  feet  square  at  the  base 
and  11  feet  square  at  the  top,  with  a  flue  5  feet  square  lined 
with  firebrick. 

Two  feed-pumps  D  should  be  provided,  and  possibly  a  fire- 
pump  D' .  The  feed-pumps  should  be  arranged  to  act 
together  on  the  same  supply  and  feed  pipes  to  the  boilers, 
or  independently,  if  either  is  disconnected.  At  each  boiler 
there  should  be  a  short  branch  from  the  feed-pipe,  provided 
with  a  globe  and  check  valve. 

The  arrangement  of  a  safety-valve  d  and  gate-valve  e  for 
each  boiler,  and  their  connection  with  the  steam  main  ^,  is 
shown  in  Fig.  985.  The  latter  also  has  branches  for  con- 
nection with  other  machines  to  be  run  by  steam  at  A, 

The  location  of  the  boiler  house  should  be  central  to  the 
principal  points  to  which  it  is  to  supply  steam.  Generally, 
a  location  is  best  by  the  side  of  the  hoisting-engine,  or  it 
may  be  at  the  rear,  if  this  location  is  not  too  far  removed 
from  other  engines. 

One  sida  of  the  boiler  house  should  be  free,  for  the  removal 
of  boilers  for  repairs.  It  is  preferable  not  to  sink  the  boiler 
house  lower  than  the  level  of  the  surrounding  ground,  but 
to  keep  it  somewhat  elevated  or  where  there  is  a  fall  in  the 
ground,  for  the  disposal  of  ashes. 

Boilers  should  be  located  so  that  it  will  be  convenient  to 
obtain  their  coal  supply  from  the  mine-cars;  or  they  may  be 
located  near  the  railroad,  preferably  the  slack  track,  and 
draw  their  supply  of  coal  from  there. 

Coal-bins  should  be  located  in  front  of  the  boilers,  with 
coal-holes  on  a  level  with  the  floor  of  the  boiler  house. 

If  the  location  of  the  boilers  does  not  permit  of  running 
the  ashes  out  on  a  tip  car  to  an  ash  dump,  it  will  be  neces- 
sary to  arrange  a  pulley  hoist  for  raising  ashes  in  a  bucket 
to  the  tipple  platform,  where  they  are  dumped  into  cars  to 
be  run  to  the  rock  dump. 

Ashes  may  sometimes  be  needed  for  ballasting  roads  in 
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the  mine,  in  which  case  the  ash  track  is  connected  with 
some  track  leading  into  the  mine.  By  referring  to  the  fig- 
ure, it  will  be  seen  that  the  feed-water  heater  receives  the  ex- 
haust-steam before  it  is  discharged  from  the  exhaust-pipe  c. 
The  coal-holes  in  the  boiler  house  are  shown  at  /.  The 
water-main  is  shown  at  /,  the  cold-water  pipes  to  the  feed- 
water  heater  at  A,  and  the  feed-water  pipes  from  the  heater 
to  boilers  at  ^. .  A  closet  for  oils,  etc.,  is  shown  in  the 
engine-house  at  k,  and  one  for  clothes  is  shown  at  /.  A 
work-bench,  with  drawers,  etc.,  is  shown  in  the  engine- 
house  at  /«.  Windows  are  shown  in  the  plan  at  zv  and 
doors  at  o, 

2693«  Air  -  Compressor  Bulldlnfi:. — The  air-com- 
pressor building  should  be  about  30  X  40  feet.  This  will 
allow  the  introducing  of  three  compressors,  22*  X  24',  or  the 
same  building  will  be  wide  enough  for  two  26'  X  32'  com- 
pressors. 

The  former  require  a  foundation  space  of  5'  X  21'  6'. 
There  should  be  4  ft.  space  between  the  foundations  of  air- 
compressors,  and  about  10  ft.  should  be  allowed  from  the 
ends  of  the  compressors  to  the  walls  of  the  building,  or  more, 
depending  whether  there  are  any  long  rods  to  be  drawn  out 
at  the  steam-cylinder  end  for  repairs.  At  the  air-compress- 
ing end  an  arrangement  is  necessary  for  an  inlet  of  fresh 
air  drawn  from  outdoors,  if  the  indoor  air  is  not  cool  enough. 

An  air  receiver  will  require  some  space  in  a  corner  of  the 
building,  unless  it  is  located  underground. 

Connection  from  the  water-supply  is  necessary  to  furnish 
water  to  the  water-jacket  or  pipes  of  the  compressor  for 
cooling  the  air. 

2694.  Electric-Power  Plant.— A  building  30  X  40 
feet  will  be  of  sufficient  size  for  generating  machinery  of 
about  200  to  300  H.  P.,  where  power  is  to  be  furnished  for 
ordinary  haulage,  coal  cutting,  and  pumping  at  distant 
swamps  and  dips  underground.  The  size  of  the  building 
will  vary  from  this  to  about  60  X  100  feet,  where  the  gen- 
erating machinery  is  from  600  to  800  H.  P. 
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In  smaller  plants  there  may  be  one  or  two  driving  engines, 
each  connected  with  two  40  to  80  horsepower  generators, 
which  are  belted  directly  to  two  fly-wheels  on  an  engine,  the 
belting  being  about  17  to  26  feet  from  center  to  center  of 
shafts. 

In  larger  plants,  the  best  arrangement  is  to  have  two 
engines,  each  of  sufficient  power  to  run  the  whole  plant,  and 
each  connected  with  belting  to  the  same  countershaft,  on 
which  are  pulleys  that  may  be  belted  to  six  or  ten  generators 
of  from  40  to  80  H.  P.  The  countershaft  may  be  in  two 
parts,  and  connected  at  its  center  with  a  clutch  pulley,  so  as 
to  throw  out  half  of  the  plant  when  not  needed. 

The  distance  from  the  center  of  the  engine  shaft  to  the 
countershaft  will  be  about  30  or  40  feet,  and  from  the  coun- 
tershaft to  the  center  of  the  generator  shaft  about  17  to 
26  feet. 

The  location  of  the  plant  is  not  necessarily  very  near  the 
mine  opening,  and  if  there  is  any  convenient  water-power  in 
the  neighborhood,  it  should  be  located  at  that  point. 

If  the  cost  of  the  plant  can  be  incurred,  and  the  use  of 
electricity  is  not  excluded  by  the  presence  of  gas  where  the 
wires  are  located,  or  other  conditions,  it  may  be  used  for 
haulage  underground. 

Electricity  is  also  used  for  coal  cutting  and  pumping  at 
distant  points  underground,  where  the  conditions  permit 
of  its  use. 

2605*  Blacksmltli  Shop. — This  may  vary  in  size 
from  about  15  feet  square,  for  small  operations,  to  about  30 
feet  square  for  more  extensive  work. 

The  location  should  be  convenient  for  receiving  tools  for 
sharpening  from  the  miners  as  they  go  to  and  from  the 
mine,  or  for  sending  them  there  from  the  inside. 

It  should  be  alongside  of  the  carpenter  shop,  for  handling 
irons  back  and  forth  for  drift-car  repairs;  also  near  the 
machine-shop,  for  repairs  to  machinery  needing  work  done 
in  both  places. 

The  convenience  for  shoeing  mules  at  the  stable  outside 
or  underground  should  also  be  considered 
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There  should  be  1  to  3  forges  and  anvils.  Blast  should  be 
furnished  to  forges  by  a  blower  driven  by  some  existing 
power,  if  convenient. 

The  shop  should  also  be  provided  with  proper  work- 
benches, closets,  and  racks  for  pieces  of  iron,  drill-press,  and 
an  iron  bender,  if  the  work  requires  it. 

2696.  Tool  House. — A  tool  house  15  X  15  feet  or 
15  X  30  feet,  as  required,  may  be  provided  in  a  building 
adjoining  the  blacksmith  shop  or  near  it,  where  miners' 
picks  may  be  placed  on  racks,  before  and  after  sharpening, 
also  the  drills  and  other  tools  of  rock  gangs  and  other  day 
hands. 

If  the  tool  house  is  mainly  for  holding  shovels,  picks,  etc., 
of  outside  laboring  gangs  who  use  them  for  cleaning  coal, 
dumping  rock,  repairing  track,  or  handling  material,  its 
location  at  a  point  central  to  this  work  is  to  be  desired. 

2697.  Carpenter  Shop. — This  will  be  from  15  X  20 
feet  to  30  X  60  feet  in  size,  according  to  amount  of  work 
and  drift-car  repairs  to  be  done.  It  should  be  located  handy 
to  the  mine  and  near  the  empty  return  tracks  for  receiving 
crippled  and  despatching  new  or  repaired  cars.  It  should 
be  convenient  to  the  blacksmith  shop  for  work  required  on 
car  iron,  and  near  the  lumber-yard.  It  should  be  provided 
with  necessary  work-benches,  closets  for  tools,  and  bins  for 
nails,  bolts,  screws,  and  mine-car  fittings. 

A  stock  of  mine-car  wheels  and  axles  may  be  kept  in  a 
shed  near  the  carpenter  shop,  unless  such  are  stored  in  the 
iron  house.  A  grindstone  should  be  provided,  preferably 
outside  the  shop,  so  that  miners  and  employees  can  use  it. 

If  rollers  for  rope  haulage  are  to  be  turned,  there  should 
also  be  a  wood-turning  lathe,  which  should  be  run  by  power, 
if  convenient. 

2698.  Macliine-Shop. — Ordinarily,  a  site  central  to 
the  surface  machinery  should  be  selected  for  the  machine- 
shop.  This  is  most  advantageous  where  operations  do  not 
involve  much  machinery,  and  the  number  of  machinists  and 
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helpers  is  few,  and  their  duties  can  include  oiling,  attending 
the  fan-engine  and  other  machinery  not  requiring  continual 
attention. 

Where  operations  involve  more  machinery,  and  the  work 
is  sufficiently  extensive  to  require  continual  attendance  of 
machinists  and  helpers,  each  to  his  special  line  of  work,  as 
bench  machinists  outside  and  pipe-fitters  underground,  the 
location  of  the  shops  may  be  at  any  convenient  point,  so 
that  machinery  from  the  mine  can  be  readily  conveyed 
thereto  and  the  outside  machinery  readily  attended  to. 

There  should  be  plenty  of  room  outside  the  shops  for  the 
depositing  of  machinery  needing  repairs,  or  that  which  is 
again  in  readiness  for  use.  This  space  is  also  useful  for 
pipe-fitting  and  the  testing  and  repair  of  quantities  of  pipe 
that  have  been  removed  from  the  mine  and  accumulated ; 
also  for  the  uncoiling  of  ropes  for  repairs  and  splicing. 

The  location  should  also  be  near  the  blacksmith  shops,  for 
the  convenience  of  work  which,  requires  being  handled  in 
both  places,  and  near  the  stock  of  iron  piping  and  supply 
room. 

If  it  should  be  necessary  to  have  machinery  in  the  shop 
run  by  power,  its  location  should  be  studied  with  reference 
to  transferring  power  by  line  shafting  or  belting  from  some 
existing  engine,  as  one  operating  a  saw,  shaking  or  revolving 
screens,  forge  blower,  or  inclined  hoist  for  lumber  and 
material.  The  advantage  of  a  location  for  readily  handling 
the  work  should  have  first  consideration,  even  if  an  inde- 
pendent engine  is  necessary  to  furnish  the  power. 

Where  the  amount  of  work  is  small,  the  shop  need  be 
large  enough  only  for  a  working  bench,  racks,  shelves,  and 
closets,  for  the  convenient  arrangement  of  machinists'  tools 
and  such  few  supplies  and  fittings  required  for  immediate 
needs.  A  building  12'  X  20'  will  be  large  enough  in  this 
case. 

It  will  be  necessary  to  increase  the  size  of  the  shop  with 
the  increase  of  machinery  in  mining  operations  and  work 
required  for  its  maintenance  and  repairs. 

A  large  machine-shop  is  not  necessary,  except  in  isolated 
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locations,  where,  due  to  distance  and  time  required  in  send- 
ing for  and  receiving  parts  for  repairs,  the  operations 
would  be  seriously  delayed  or  interrupted.  In  this  case,  it 
is  rarely  necessary  to  provide  for  repairs  to  large  parts  of 
machines.  Generally,  the  parts  most  subject  to  breakage 
are  kept  in  duplicate,  and  it  can  be  arranged  with  the 
manufacturers  of  special  machines  to  use  a  telegraphic  code 
for  the  prompt  shipment  of  large  duplicate  parts,  which  will 
generally  be  delivered  in  about  as  short  a  time  as  they  can 
be  turned  out  by  an  extensively  equipped  machine-shop, 
furnished  and  maintained  at  an  expense  that  in  the  end 
will  amount  to  more  than  may  be  involved  by  any  delay  to 
operations  in  the  time  required  to  secure  large  duplicate 
parts  by  a  telegraphic  code. 

A  shop  30'  X  50'  may  be  large  enough  for  the  require- 
ments of  mines  utilizing  machinery  to  the  fullest  degree, 
and  where  machine-shops  exist  in  the  region  doing  custom 
work,  to  whom  special  work  may  be  assigned. 

The  usual  machinists'  tools  should  be  provided,  a  set  for 
each  man  or  helper,  including  such  tools  as  he  needs. 
Benches  fitted  with  vises,  closets  and  shelves  for  tools  and 
supplies,  racks  for  larger  fittings  and  tools  should  be  of 
such  capacity  as  the  needs  of  the  mines  may  require.  Stock 
and  dies,  pipe-cutting  and  threading  tools,  and  drill-press 
should  be  in  such  sizes  as  the  work  requires. 

Tools  should  be  aX  hand  for  properly  handling  such  work 
as  may  arise  with  boilers,  engines,  pumps,  fans,  etc.,  that 
may  be  in  use.  Where  drift-car  irons  are  shaped,  a  punch 
for  bolt-holes  is  desirable. 

An  emery  grinder  saves  file  work,  where  much  sharpening 
of  saws  or  drills  is  required. 

If  locomotive,  compressed-air,  or  electric  plants  are  used 
in  the  operations,  the  repairs  attendant  to  these  machines, 
and  the  advisability  of  undertaking  small  repairs  to  pumps 
and  engine  valves  and  cylinders,  may  make  it  necessary  to 
have  also  a  small  lathe  and  planer. 

2699.  Material  and  Lumber  Yard. — If  much  lum- 
ber and  material  are  received  by  railroad,  it  is  desirable, 
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where  the  conditions  will  permit,  to  unload  at  some  conve- 
nient point  from  the  railroad-car,  and  at  the  same  time  be 
near  the  mine  opening,  carpenter  shop,  and  saw. 

If  the  most  convenient  location  for  a  lumber-yard  near 
the  mine  is  at  some  distance  from  the  railroad-tracks,  or  at 
a  higher  elevation,  the  means  for  conveying  the  material 
thereto,  under  different  conditions,  has  been  indicated- in 
the  various  plans  for  surface  arrangements. 

The  lighter  lumber,  which  is  to  be  cut  at  the  saw  or  for 
use  in  the  carpenter  shop,  should  be  nearer  these  points. 
Props,  if  they  are  delivered  already  sawed,  and  other  heavy 
lumber  should  be  deposited  nearer  the  mine  than  the  saw. 
Steel  rails  will  generally  be  deposited  in  the  material  yard, 
and  scrap-iron  should  be  gathered  and  deposited  at  some 
convenient  point  or  in  the  material  yard,  to  be  shipped  as 
required.  Space  can  also  be  provided  here  for  the  stock  of 
brick,  lime,  and  sand  needed  in  the  operations. 

2700.  Saw^mlll. — A  circular  saw  is  generally  needed 
in  isolated  locations,  or  where  much  cutting  of  lumber  of 
various  sizes  is  required  from  stock  lumber  received  from  a 
distance,  or  where  standing  timber  is  to  be  cut. 

It  should  be  located  handy  to  the  carpenter  shop  and  to 
the  lumber-yard  near  the  mine,  unless  it  is  desired  to  have 
it  convenient  to  standing  timber  for  cutting. 

2701.  Supply  Room. — The  size  of  the  supply  room 
will  be  from  20  X  20  feet  to  30  X  50  feet,  or  larger,  depending 
upon  the  nature  of  operations,  machinery,  and  the  variety 
and  quantity  of  supplies  it  is  necessary  to  have  on  hand. 

The  stock  will  include,  principally,  miners',  carpenters', 
and  blacksmiths'  tools,  unless  they  are  carried  at  a  store; 
also  nails,  screws,  bolts,  spikes,  mine-car  fittings,  brattice 
cloth,  harness,  and  fittings  and  parts  for  repairs  to  such 
machinery  as  engines,  boilers,  fans,  pumps,  compressed-air 
or  electric  machines,  belting,  steam  and  water  pipe  fittings. 

The  supply  room  should  be  located  handy  to  the  shops  for 
issuing  supplies,  and  also  for  the  receipt  of  supplies  by  rail- 
road or  otherwise. 
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2702.  Iron  House. — Generally,  a  building  12  X  24 
feet  will  be  of  sufficient  size  for  storing  pipe,  round  and  bar 
iron,  tool  steel,  sheet  iron,  wheels,  axles,  etc.  It  should  be 
located  handy  to  the  blacksmith  and  machine  shops. 

Piping  may  be  stored  at  the  material  yard ;  wheels  and 
axles  may  be  stored  there  or  at  the  carpenter  shop. 

2703.  Oil  House. — Oil  of  all  kinds  may  be  kept  at  a 
store,  where  it  is  sold  to  miners,  and  issued  in  stated  quanti- 
ties at  intervals  for  mine  use,  drift  cars,  machinery,  etc. 

In  this  case,  there  should  be  small  oil-cans  having  a 
capacity  of  from  1  to  10  gallons.  These  sizes  will  be  suit- 
able for  the  various  requirements. 

These  should  be  kept  on  iron  trays  to  catch  all  leakage, 
and  securely  enclosed,  and  at  a  safe  distance  from  waste  and 
other  inflammable  materials. 

If  the  oil  house  is  located  near  the  mine,  it  should  be 
handy  to  the  storekeeper  for  issuing,  but  at  some  distance 
from  surrounding  buildings.  It  may  thus  be  issued  in 
smaller  quantities  for  machinery  and  mine  use,  but  the  same 
precautions  must  be  taken  wherever  it  is  used. 

Oil  may  be  held  in  barrels  in  the  storehouse,  but  it  is 
safer  if  transferred  to  iron  tanks  of  about  20  barrels  capacity 
each  for  miners',  black,  and  coal  oil.  Special  engine  and 
cylinder  oils  may  be  stored  in  tanks  of  2  to  5  barrels 
capacity. 

In  warm  climates  it  is  advisable  to  transfer  oil  to  iron 
tanks  to  prevent  loss  from  leakage  in  barrels. 

If  the  heating  of  car  oil  is  necessary  in  cold  weather,  it 
should  be  done  on  a  coil  of  steam-pipe,  if  the  point  at  which 
cars  are  oiled  is  near  the  tipple  or  other  structure. 

2704.  Hay  and  feed  should  be  stored  handy  to  the 
stables  and  to  storekeeper  for  issuing.  At  shaft  mines,  the 
feed  should  be  conveniently  reached  by  a  track,  so  that  feed 
can  be  loaded  on  a  mine-car  at  the  storehouse  and  hauled  to 
the  shaft  for  lowering  to  the  stables  underground.  This 
should  also  be  the  case  if  feed  is  sent  underground  at  noon- 
day, at  mines  opened  otherwise.     The  feed  should  be  stored 
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at   some   distance    from    other   buildings,  as   a   precaution 
against  fire. 

2705.  Stable. — The  stable  should  be  located  so  that 
mules  can  readily  pass  between  it  and  the  entrance  to  the 
mine,  and  handy  to  a  wagon  road  leading  to  points  where 
hauling  may  be  necessary.  It  should  be  handy  to  the  black- 
smith shop,  for  shoeing  mules.  Where  it  is  possible,  stables 
should  be  located  where  a  yard  or  pasture  can  be  enclosed 
for  mules  needing  rest.  A  harness  and  wagon  room  should 
be  located  alongside  of  the  stable. 

2700*  Powder  House. — This  may  vary  from  8  feet 
square  to  16  X  20  feet,  for  holding  small  quantities  of  explo- 
sives or  one  or  two  carloads.  It  should  be  built  on  the 
opposite  side  of  a  hill  from  the  mine,  if  possible,  and  not  less 
than  1,000  feet,  and  a  mile  away  from  other  buildings  is 
preferable,  if  the  explosives  are  in  large  quantities  and  can 
be  reached  by  a  wagon  road.  The  building  should  be  of 
brick,  stone,  or  iron,  and  should  have  an  iron  door.  There 
should  be  an  opening  in  the  door,  and  another  at  the  end  of 
the  building,  for  ventilation  and  to  prevent  explosives  from 
absorbing  moisture  from  the  ground,  etc. 

2707.  Wa»li-House. — This  may  be  located  at  any 
place  where  space  will  permit,  convenient  for  employees,  or 
near  the  shops,  or  on  the  slope  of  some  ground  where  the 
drainage  will  be  perfect.  It  is  sometimes  located  near  the 
boilers,  with  the  view  of  drawing  hot  water  therefrom,  but 
this  is  objectionable. 

An  efficient  arrangement  inside  is  to  construct  a  cheap 
brick  furnace  with  grate  bars  2  feet  above  ground  and  walls 
4  feet  high,  on  top  of  which  may  be  placed  an  iron  tank,  or 
some  old  boiler  may  be  set  between  higher  walls.  Refuse 
coal  and  timber  may  be  used  for  heating  the  water,  which 
can  be  drawn  off  into  tubs;  and  a  water-pipe  with  a  float 
and  faucet  can  be  arranged  to  keep  the  water-supply  in  the 
tank  at  the  same  level. 

Racks  can  be  arranged  around  the  furnace  for  drying 
clothes,  and  closets  provided  around  the  walls,  if  needed. 
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2708.  Weifflimaii's  Office.— This  should  be  at  the 
tipple,  or  near  the  point  where  the  cars  are  weighed,  so  that 
the  scale-beam  can  be  erected  therein. 

If  checks  are  to  be  issued,  and  the  weights  posted  daily,  pro- 
vision should  be  made  for  proper  space  around  the  building, 
so  that  the  daily  weigh  sheets  can  be  posted  conveniently 
for  the  inspection  of  miners,  and  check  boards  arranged  for 
holding  a  supply  of  returned  checks  and  new  ones  for  issue. 

2709.  Mioe-Clerk's  Office. — If  the  weighman  per- 
forms the  aforesaid  work,  a  mine  clerk  may  attend  to  keeping 
the  time  of  employees,  and  may  have  charge  of  storerooms, 
supplies,  etc.,  and  the  issuing  of  the  same,  in  which  case 
a  storekeeper  is  not  needed. 

The  mine-clerk's  office  should  be  located  handy  to  the 
storeroom  and  supplies,  so  that  the  taking  of  time  can  be 
most  readily  attended  to. 

If,  however,  the  mine  clerk  attends  to  posting  of  weights 
of  coal  and  issuing  and  receiving  checks  and  keeping  of  time 
only,  this  office  will  be  most  conveniently  situated  near  the 
tipple,  if  not  too  distant,  or  near  the  mine  entrance,  so  that 
weigh  sheets  may  be  readily  inspected  by  miners  in  passing 
in  and  out  of  the  mine. 

27  lO.  Storekeeper's  Office. — This  is  most  conve- 
niently situated  in  the  storeroom.  If  in  a  separate  building, 
it  should  be  handy  to  the  point  of  unloading  material,  sup- 
plies, etc.,  so  as  to  check  the  same,  and  convenient  to  the 
different  storehouses  for  issuing  material  to  shops  and  the 
mines. 

2711.  Sbipplns-Clerk's  Office. — It  may  also  be 
necessary  to  have  a  shipping-clerk's  office  near  the  tipple  to 
attend  to  shipments  of  coal,  unless  the  work  can  be  divided 
as  follows  : 

(1)  Weighman  to  attend  to  the  weighing,  posting,  and 
checks,  and  the  mine  clerk  to  attend  to  time-keeping  and 
shipping;  or  (2)  the  weighman  to  attend  to  the  weighing, 
and  the  mine  clerk  to  attend  to  posting  weights,  checks,  and 
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shipping,  and  storekeeper  to  attend  to  the  supplies  and  time- 
keeping. 

2712.  Mine  Office. — An  office  for  the  foreman  or 
superintendent,  as  the  organization  may  require,  should  be 
located  centrally  to  the  mine  operations. 

271 3*  Lamp-Inspector'a  Office. — At  gaseous  mines, 
an  office  should  be  provided  near  the  mine  opening  for  the 
gathering,  inspecting,  cleaning,  and  repairing  of  safety- 
lamps. 

This  office  should  be  provided  with  apparatus  for  testing 
lamps  and  for  testing  samples  of  air  gathered  at  points  under- 
ground, where  it  is  desired  to  know  the  amount  of  gas  pres- 
ent, if  any.  In  less  fiery  mines,  the  inspection  of  the  lamps 
may  be  done  by  the  fire  bosses,  at  points  underground,  out- 
side of  the  fire  limits.  An  apparatus  should  also  be  at  hand 
to  permit  of  entering  gassy  places,  in  case  of  accident. 

27 1 4.  Doctor's  Office  and  Hospital. — In  operations 
isolated  from  settled  communities,  the  above  buildings  may 
be  necessary,  provided  with  proper  surgical  instruments, 
splints,  bandages,  and  medicines,  for  treating  burns,  broken 
bones,  and  men  overcome  by  carbonic  acid  gas,  after-damp, 
or  other  accidents. 

The  hospital  should  be  provided  with  cots  and  other  suit- 
able furniture.  One  or  more  stretchers  should  be  kept  near 
the  mine,  for  carrying  injured  men. 

2715.  Store. — If  a  store  is  needed  in  connection  with 
the  operations,  it  should  be  located  near  the  railroad-track, 
if  possible,  to  facilitate  the  handling  of  merchandise ;  it  need 
not  necessarily  be  near  the  mine,  but  convenient  to  the 
miners'  houses. 

2716.  Miners' Houses. — These  should  be  located  at 
some  little  distance  from  the  mine  buildings.  A  plot  of 
ground  about  50'  X  100'  should  be  allowed  to  each  house,  or, 
if  the  space  can  be  allowed,  about  300  feet  square,  so  that 
employees  can  do  some  gardening.  This  should  be  fenced  in ; 
and  it  may  be  necessary  to  lay  pipes  to  the  dwellings,  to 
provide  a  water-supply. 
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ANTHRACITE  MINES. 


DEFINITIONS. 

2717.  The  name  colliery  is  given  to  the  entire  coal- 
mine plant.  It  embraces  both  the  surface  improvements 
and  the  workings  underground. 

The  term  mine  is  applied  to  the  underground  workings, 
shafts,  tunnels,  and  other  passageways. 

2718.  A  sliaft  is  a  vertical  opening  through  the  strata 
which  is  or  may  be  used  for  the  purpose  of  ventilation  or 
drainage,  or  for  hoisting  men  or  material  in  connection  with 
the  mining  of  coal. 

2719.  A  slope  is  an  inclined  opening  used  for  the 
same  purposes  as  a  shaft. 

2720.  A  drift  is  a  horizontal  or  nearly  horizontal  pas- 
sage driven  in  the  coal  seam  from  the  surface. 

2721.  A  tunnel  is  a  horizontal  or  nearly  horizontal 
passage  driven  across  the  measures. 

2722.  A  stripping^  is  an  open  working,  where  the  soil 
or  debris  on  top  of  the  seam  has  been  removed  preparatory 
to  mining  it  by  an  open  cut. 

2723.  The  breaker  is  the  structure  containing  the 
machinery  used  in  the  preparation  of  the  coal. 


GENERAL    PLAN    OF    ARRANGEMENTS. 

2724.  The  arrangements  of  the  buildings,  tracks,  etc., 
at  anthracite  collieries,  or  what  are  generally  termed  the 
outside  improvements,  differ  considerably.  This  is  due 
largely  to  the  topography  of  the  surface. 

§25 
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At  a  colliery  with  a  shaft  opening,  the  general  arrange- 
ments differ  somewhat  from  those  collieries  where  the  coal 
is  opened  by  a  slope,  drift,  tunnel,  or  stripping. 

In  case  of  a  shaft,  the  surface  is  more  or  less  of  the  same 
elevation,  while  for  a  slope,  drift,  or  tunnel,  a  sloping  surface 
is  more  general. 

In  every  case,  however,  at  a  well-arranged  plant  the 
structures  erected  upon  the  surface  should  all  be  on  the 
same  meridian.  In  this  way  the  sides  and  ends  of  the  dif- 
ferent structures  are  arranged  parallel  to  one  another.  This 
method,  if  followed,  will  aid  materially  in  the  construction 
of  maps;  besides,  it  gives  a  better  appearance  to  the  plant 
than  if  the  different  structures  are  located  at  random. 

At  an  anthracite  colliery  there  may  be  a  shaft,  slope, 
drift,  tunnel,  or  stripping ;  or  it  may  be  possible  that  all  of 
these  openings  exist  at  the  same  colliery. 

If  the  opening  is  a  shaft,  there  is  a  head-frame;  if  a 
slope,  provided  the  slope  is  on  a  line  with  the  breaker,  there 
is  an  inclined  plane. 

In  case  the  slope  is  at  some  distance  from  the  breaker, 
there  is  an  inclined  plane  and  trestle,  an  inclined  plane  and 
tracks  on  the  surface,  or  a  slope  landing;  in  the  last  two 
cases  the  coal  can  reach  the  breaker  either  over  a  trestle,  or 
it  can  be  raised  by  steam-power  up  a  vertical  hoist  or  up  an 
inclined  plane. 

In  case  of  a  drift,  tunnel,  or  stripping,  there  are  tracks 
leading  to  the  foot  of  an  inclined  plane  or  vertical  hoist,  or 
tracks  leading  to  a  trestle,  where  the  coal  is  dumped  directly 
into  the  breaker  without  using  steam-power  to  elevate  it. 

2725.  Besides  the  above,  the  following  are  located  on 
the  surface : 

The  hoisting-engme  houses^  with  their  engines,  drums, 
brakes,  etc. 

The  different  boiler  houses^  with  their  boilers,  feeding 
apparatus,  and  coal-bins. 

The  breaker^  with  its  machinery  for  cracking  and  sizing 
the  coal,  and  the  breaker  engine. 

The  blacksmith  a7ul  carpenter  shops. 
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One  or  more  fans  used  for  ventilating  the  underground 
workings. 

Railroad'  tracks. 

Offices :  General  shipping,  and  for  the  superintendent  and 
engineers. 

Wash-house  for  miners. 

Supply  houses',  oils,  cotton,  iron,  etc. 

Po%vder  house, 

Pumping-engine  houses,  containing  pumps  to  furnish  water 
to  wash  the  coal  and  supply  the  boilers. 

Water-tanks. 

Culm  (or  dirt,  or  waste)  and  rock  banks. 

Different  arrangements  for  getting  rid  of  culm ;  as  by  dirt 
plane,  conveyors,  trestles,  blowers,  etc. 

2726.  Fig.  986  is  a  plan  of  the  outside  improvements  at 
an  anthracite  colliery,  showing  the  arrangement  of  the  dif- 
ferent structures,  tracks,  dams,  etc. 

This  plan  shows  that  the  breaker  a  is  fed  by  one  main 
slope  ^,  one  tender  slope  c,  two  tunnels  d  and  e,  and  one 
shaft  not  shown  in  this  plan,  but  the  tracks  leading  thereto 
are  shown  in  part.  The  coal  from  the  main  slope  b  is  hoisted 
up  a  double-track  plane  a\  leading  to.  the  breaker,  by  means 
of  the  main  hoisting-engine  /.  The  coal  from  the  tender 
slope  c  is  hoisted  by  the  hoisting-engine  g  and  allowed  to 
run  over  a  drawbridge.  After  running  over  this  bridge,  it 
is  taken  around  the  loop  h  into  the  tunnel  d,  in  order  to 
have  the  car  ascend  plane  a'  with  the  door  in  front.  The 
coal  from  the  two  tunnels  d  and  e,  the  tender  slope  r,  and 
the  shaft  is  all  brought  to  the  mouth  of  the  main  slope  b  and 
hoisted  up  the  plane  a'  by  means  of  an  engine  with  friction 
drum  located  under  the  breaker.  The  plane  a'  contains  a 
single  track  in  connection  with  the  double  track  used  for 
hoisting  out  of  the  main  slope. 

The  grades  of  the  tracks  leading  to  and  from  the  tender 
slope  c  and  tunnel  d  are  so  arranged  that  the  cars  run  by 
gravity.  The  cars  from  tunnel  c  and  those  from  the  3haft 
are  hauled  by  a  locomotive  which  is  housed  in  the  locomotive 
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house  i.  The  loaded  cars  are  run  in  on  track  J,  The 
locomotive,  being  in  front  of  the  loaded  cars,  passes  over 
the  cross-over  k  to  the  empty  track,  which  is  elevated  above 
the  two  loaded  tracks  at  the  foot  of  the  plane,  and  continues 
on  a  down  grade  of  2  to  1  per  cent,  to  the  point  marked  /. 
At  the  mouth  of  the  tender  slope  c  is  shown  the  backswitch, 
to  turn  the  cars  so  that  they  may  descend  the  slope  with  the 
door  in  front. 

The  surface  being  a  sloping  one,  the  boiler  house  m  is  so 
arranged  that  the  ashes  are  taken  out  in  a  small  dump-car. 
The  coal  used  in  this  boiler  house  is  furnished  by  a  small 
dump-car  running  on  an  overhead  trestle,  the  coal-bins 
being  located  within  the  boiler  house.  This  boiler  house 
furnishes  steam  for  the  machinery  in  the  immediate  neigh- 
borhood, the  pumps  inside  the  mine,  and  heat  for  neigh- 
boring buildings. 

There  is  still  another  boiler  house,  to  furnish  steam  for  the 
shaft  engines,  etc.,  which  is  located  at  a  considerable  dis- 
tance from  the  boiler  house  m. 

The  water-tank  n  is  used  to  furnish  the  boilers  with  the 
necessary  fresh-water  supply. 

The  ventilating  fans  o,  o\  and  o'  are  used  to  ventilate  the 
different  inside  workings. 

In  the  blacksmith  and  carpenter  shop  /  the  necessary 
repair  work  of  the  colliery  is  done. 

The  supply  house  q  is  used  in  connection  with  the  black* 
smith  and  carpenter  shops,  so  that  the  necessary  supply  of 
iron,  bolts,  nails,  etc.,  can  always  be  kept  on  hand  and 
under  cover. 

The  office  r  is  used  by  the  superintendent  and  shipper, 
and  is  so  arranged  and  located  that  the  shipper  has  a  com- 
manding view  of  the  empty  and  loaded  tracks. 

The  powder  house  s  contains  every  explosive  used  for 
blasting  in  and  about  the  colliery. 

At  the  supply  house  /  the  miners  are  supplied  with  oil, 
cotton,  shovels,  and  other  necessary  articles  that  are  used 
about  a  colliery. 

The  engineer's  office  u  is  where  the  maps,  sections,  and 
different  plans  used  at  the  colliery  are  made. 
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The  wash-house  z^  is  a  building  where  the  men  can  wash 
and  change  their  clothing.  This  building  is  located  so 
that  it  is  within  easy  reach  of  the  traveling  way  w  of  the 
mine. 

In  the  pump-house  ;ir  is  a  pump  which  furnishes  the  water 
for  the  different  screens  used  in  the  sizing  of  coal.  It  also 
furnishes  water  for  the  jigs,  which  are  used  for  separating 
the  slate  from  the  coal,  and  also  the  water  for  the  lip  screens, 
over  which  the  coal  passes  into  the  railroad-cars  for  ship- 
ment. This  pump  also  furnishes  the  necessary  water  in 
case  of  fire. 

The  dam  y  holds  the  supply  of  water  for  the  pump  located 
at  X.  This  dam  receives  water  from  the  creek,  shown  in 
the  plan ;  but  in  summer,  when  the  creek  supply  is  small, 
the  water  from  the  mine  is  pumped  into  it.  In  very  dry 
weather,  the  water  from  the  lip  screens  is  also  run  back  into 
this  dam  and  used  over  and  over  again. 

The  dam  y  furnishes  the  water  for  the  locomotives ;  the 
service-pipe  leading  from  this  dam  to  the  locomotive  house 
i  is  also  shown. 

The  water  that  is  used  for  steam  purposes  is  furnished  by 
the  dam  y\  the  pumping  station  x*  being  used  in  connection 
with  this  dam. 

All  the  necessary  sawed  timber  used  at  the  colliery  is  cut 
in  the  steam  sawmill  z. 

In  connection  with  the  barn  V  a  small  trestle  with  narrow- 
gauge  track  leading  to  the  main  railroad-tracks  is  shown. 
This  track  is  used  to  convey  the  grain  from  the  railroad- 
cars  to  the  different  bins  and  places  of  storage  in  the  barn. 
In  the  barn  a  place  is  set  apart  for  the  colliery  ambulance, 
which  is  used  in  case  of  accident  about  the  colliery. 

This  barn,  it  will  be  noticed,  is  not  parallel  with  the  other 
buildings,  but  is  located  to  suit  the  railroad-tracks. 

The  rock  and  slate  bank  c'  is  located  on  a  steeply  sloping 
side-hill,  and  the  trestle  c"  connects  the  breaker  with  it. 

The  slush  bank  (dirt  or  waste  bank)  ^'"  is  where  the 
culm,  which  is  conveyed  in  troughs  by  means  of  water,  is 
deposited. 


§  25  OF  ANTHRACITE  MINES.  7 

• 
The  tracks  d^  and  d"  lead  to  the  timber-yards,  where  the 

timber  to  be  used  in  the  mine  is  sized  and  loaded. 

The  damaged  cars  are  taken  off  the  main  slope  and  con- 
veyed by  the  track  e'  to  the  carpenter  shop  for  repairs. 

The  ashes  from  the  boiler  house  are  conveyed  over  the 
track/'  to  the  ash-dump. 

The  pit^'  is  used  to  hold  a  mine-car  which  conveys  the 
lip-coal  screenings  coming  from  the  lump-coal  chute  a"  to 
the  foot  of  the  plane  a\  where  it  is  hoisted  and  dumped  into 
the  breaker. 

The  turnout  //'  leading  from  the  main  railroad-track  is  used 
to  run  the  empty  cars  over  to  the  empty  sidings/'  andy^ 
From  here  the  empty  cars  are  run  under  the  breaker,  where 
they  are  loaded  and  run  on  to  the  loaded  sidings  or  tail 
tracks  k\  k\  and  k'\  where  the  loaded  cars  are  allowed  to 
accumulate  preparatory  to  making  up  a  **  trip  "  to  be  shipped 
to  market. 

At  /'  is  shown  a  small  opening  driven  to  the  surface  from 
the  inside  workings.  This  opening  is  made  to  dump  the 
condemned  coal  into,  which  by  means  of  a  chute  is  loaded 
into  a  mine-car,  raised  to  the  surface,  and  again  dumped 
into  the  breaker  and  resized  and  reseparated.  This  method 
of  handling  the  condemned  coal  is  a  new  one,  and  proves 
very  satisfactory. 

From  the  artesian  well  ;//'  the  water  is  pumped  during  the 
dry  seasons  of  the  year. 

The  different  figures,  or  numerals,  shown  on  this  plan  are 
the  elevations  above  tide  at  those  points. 
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2727.     In  the  following  list  the  letters  reter  to  Fig.  986. 
{a)      Breaker. 
(b)      Main  slope. 
{c)      Tender  slope. 

|-  Tunnels. 

(a;')      Inclined  plane,  with  three  tracks  leading  to  breaker, 
(y*)      Main  hoisting-engine. 
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i  ^'  H''':>t:r.2:-e-:z'.'c  :  t  tender  sl^pe^ 

i:»  Loconi*  t:ve  h-  u^^. 

^yi  Loaded  track  •^fV*:r  trid^c 

I  ri  Cf'ss-'jver  oa  bridgc- 

I.  I  Em^itv  trazk. 

(wi  B-^iler  hous«. 

( //  >  Water-tank. 

(^  )  -  Ventilatinvj  fans. 

( /*}  BlackMnith  and  carpenter  shop. 

{'/)  Supply  htju>e  to  blacksmith  shop. 

(r)  Sufxrrintendent  and  shipper's  otficeSL 

(s)  Powder  house. 

(/)  Supply  house:  oil,  cotton,  etc- 

(//)  Engineer's  office. 

(:)  Wash-house. 

(w)  Traveling  way. 

(-1)  Pumj>-house. 

(  V)  Dam  for  breaker. 

(  r  )  Dam  for  IcKromotive. 

(  r'  )  Dam  for  steam  supply. 

(.1 ')  Pumping  station  for  steam  supply. 

(:)  Sawmill. 

(A  )  Barn. 

(i'}  Rock  and  slate  bank. 

d")  Trestle  leading  to  rock  and  slate  bansi 

W")  Slush  bank. 

(^/')  *  ^       ,     ,      -.  .     ,  , 

(  /"x  (  Tracks  leading  to  timber-yards. 

(f)  Track  to  take  cars  off  main  slope- 

(/')  Ash-dump  track. 

(^^')  Pit  for  lump-coal  screenings. 

(a")  Lump-coal  chute. 

(//')  Main  turnout. 

/   „  r  Lm[ity  turnouts. 
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(k")  >  Loaded  turnouts. 

(/')  Condemned-coal  chute. 

{m')  Artesian  well. 


THE  DESIGN  OF  A  PLANT, 


BREAKERS. 

2728«  In  the  designing  of  a  plant,  great  care  and  judg- 
ment must  be  exercised.  The  designer  must  look  to  the 
future  of  the  plant  and  not  merely  to  its  immediate  require- 
ments, unless  only  a  temporary  structure,  commonly  known 
as  a  coffee-mill,  or  penitentiary,  is  required. 

These  structures  are  merely  small  breakers,  used  where 
overlying  veins  are  worked  that  can  not  be  mined  from  the 
main  openings,  or  where  pillars  are  robbed  that  have  been 
left  intact  around  the  main  openings,  on  account  of  some 
cave-in  of  the  main  haulage  roads.  They  are  also  used  to 
supply  the  demand  for  coal  for  domestic  purposes,  or  in  some 
out-of-the-way  place  where  the  farmers  are  supplied  with  fuel. 

After  the  main  openings  for  the  colliery  have  been  decided 
upon,  very  rude  temporary  structures  are  erected  merely  to 
do  the  work  of  ** opening  up," as  it  is  termed.  These  tem- 
porary structures  are  so  erected  as  not  to  interfere  with  the 
subsequent  erection  of  the  permanent  ones. 

The  first  thing  for  the  engineer  to  do  is  to  run  section 
lines  and  locate  all  outcrops  and  streams.  Sections  are  then 
constructed  and  a  temporary  map  made. 

A  meridian  is  next  selected;  if  the  opening  is  a  slope,  the 
slope  line  is  frequently  taken,  which  is  the  line  on  which  the 
slope  is  driven.  If  the  opening  is  a  shaft,  a  center  line  of 
one  of  the  hoistways  is  frequently  taken ;  generally  this  line 
is  in  the  direction  of  the  main  haulage  ways  at  the  foot  of 
the  shaft. 

After  the  meridian  has  been  selected,  all  the  buildings, 
or  as  many  as  practicable,  are  erected  with  their  sides  par- 
allel to  the  meridian,  so  as  to  secure  uniformity. 
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In  every  case  the  plant  must  be  as  compact  as  possible, 
and  at  the  same  time  comply  with  all  the  laws  that  are  laid 
down  for  its  construction. 

2729.  Site  for  Breaker. — The  first  thing  to  consider, 
after  the  opening  or  openings  have  been  decided  upon,  is  the 
site  for  the  breaker.  This,  in  every  case,  will  depend  upon 
the  mine  opening  or  openings  and  the  topography  of  the 
country.  Where  the  topography  of  the  surface  permits,  the 
location  of  the  breaker  should  be  at  a  point  low  enough  to 
bring  the  top  of  the  breaker  below  the  level  of  the  mouth 
of  the  shaft,  slope,  drift,  tunnel,  or  stripping,  so  that 
a  descending  grade  can  be  obtained  from  the  opening  to 
where  the  cars  are  dumped.  Such  a  location  is  preferable 
to  all  others,  but  it  can  not  always  be  obtained. 

In  some  ca.ses  it  is  found  better  to  locate  the  breaker  in 
line  with  the  slope,  so  that  the  cars  can  be  hoisted  and 
dumped  directly  into  the  breaker. 

In  many  places  where  gravity  can  not  be  used,  or  where 
hoisting  directly  into  the  breaker  is  impossible,  a  rope  or 
chain  system  is  used,  or,  frequently,  a  locomotive  or  an  elec- 
tric motor  conveys  the  coal  from  the  opening  to  the  location 
of  the  breaker. 

One  of  the  main  points  to  be  taken  into  consideration,  in 
choosing  a  site  for  a  breaker,  is  the  location  of  the  shipping 
tracks,  for  in  all  cases  the  breaker  is  so  located  that  railroad- 
tracks  can  be  constructed  with  sidings  having  grade  sufficient 
to  move  the  cars  by  gravity. 

The  location  of  the  breaker  being  decided  upon,  the  exca- 
vations for  the  masonry  foundations  are  immediately  pushed 
forward. 

2730.  The  Masonry  for  a  Breaker. — This  is  a  class 
of  work  that  is  a  matter  of  choice ;  some  prefer  a  continuous 
wall,  where  a  sill  is  used,  as  in  Fig.  987,  where  a  shows  a 
side  view  and  b  an  end  view  of  the  wall,  with  sill  and  post 
in  place. 

Others  prefer  a  pier  c  and  capstone  d^  as  shown  in  Fig. 
987.     In  this  case  the  post  rests  either  directly  on  the  cap- 
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stone  or,  as  is  often  the  case,  a  small  piece  of  No.  8  sheet  iron  e 
is  placed  between  the  post  and  capstone.  Or,  a  cast-iron  shoe 
may  be  used  instead  of  the  sheet  iron.  Still  others  prefer 
a  continuous  wall  y,  with  capstones  g^  g'  for  the  posts,  also 

1 


Fig.  967. 

as  shown  in  Fig.  987.  As  in  the  above  case,  either  a  piece 
of  sheet  iron  is  used  or  a  cast-iron  shoe  is  placed  between 
the  post  and  capstone.  These  walls  are  generally  hammer- 
dressed,  set  in  mortar  or  cement,  while  the  capstones  are 
all  tool-dressed. 


STEAM   PLANT, 

2731*  The  breaker  location  being  determined  upon,  the 
next  site  to  be  selected  is  for  the  steam  plant.  The  choice 
of  location  is  influenced  by  the  Anthracite  Mine  Law  of  Penn- 
sylvania, which  specifies  that  *'  it  shall  not  be  lawful  to  place 
any  boiler  or  boilers  for  the  purpose  of  generating  steam 
under  nor  nearer  than  one  hundred  (100)  feet  to  any  coal- 
breaker  or  other  structure  in  which  persons  are  employed  in 
the  preparation  of  coal. " 

The  location  of  the  steam  plant  for  the  breaker  and  the 
immediate  hoisting  and  pumping  engines  should  be  such 
that  the  arrangement  for  supplying  the  plant  with  fuel  is  as 
simple  and  inexpensive  as  possible.  Very  often  the  topog- 
raphy of  the  surface  permits  the  erection  of  a  chute,  through 
which  the  coal  is  run  direct  from  the  breaker  to  the  plant, 
and  distributed  by  what  are  called  tele^raplis.  At  times 
it  is  very  convenient  to  put  up  a  small  pocket  for  the  boiler 
supply,  and  convey  the  coal  to  the  boilers  by  means  of  an 
overhead  trestle  and  small  dumper. 
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In  another  case,  it  may  be  convenient  to  put  up  a  system 
of  conveyors.  In  every  instance,  two  main  objects  must  be 
kept  in  view :  First,  that  of  supplying  the  steam  plant  with 
fuel ;  second,  that  of  having  the  plant  located  as  centrally 
as  possible,  so  that  the  steam,  in  traveling  to  the  different 
places  of  usage,  will  be  subjected  to  as  little  condensation  as 
possible. 

One  great  point  is  to  have  the  steam  plant  all  under  one 
cover,  and  not  to  have  one  set  of  boilers  for  the  breaker  at 
one  place  and  a  set  for  the  hoisting-engines  at  another. 

Of  course,  where  the  openings  are  at  a  very  great  distance 
from  the  main  structure,  it  is  not  to  be  expected  that  all  the 
boilers  can  be  under  the  same  cover. 

2732.  The  handling  of  the  ashes  from  a  steam  plant  is 
always  a  secondary  consideration.  Frequently,  the  surface 
will  permit  of  the  erection  of  a  plant  where  a  pit  a,  as 
shown  in  Fig.  988,  can  be  dug  directly  in  front  of  the 
boilers,  so  that  a  small  dump-car  can  be  used  to  convey  the 
ashes  to  the  ash-dump.  Sometimes  a  line  of  conveyors  is 
put  in  to  handle  the  ashes  in  this  pit. 

In  case  a  pit  is  constructed  and  a  dump-car  used,  the  pit 
should  be  open  at  both  ends,  otherwise  there  is  a  possi- 
bility of  gases  accumulating  in  the  pit.     A  case  is  on  record 

« 

where  the  pit  was  closed  at  one  end  and  deadly  gases  accu- 
mulated. The  continued  absence  of  the  man  removing  the 
ashes  was  noticed,  and,  upon  searching  for  him,  he  was 
found  dead  in  the  pit  from  having  inhaled  the  gases.  A 
method  sometimes  employed  in  removing  the  ashes  is  by  a 
small  dump-car  running  on  a  track  located  directly  in  front 
of  the  fire-box. 

Most  frequently  a  cart  and  mule  or  a  man  and  wheel- 
barrow are  used. 

2733.  The  steam-boilers  in  use  at  the  present  day  are 
so  numerous  that  the  engineer  or  person  in  charge  will  have 
no  trouble  in  making  a  selection  to  suit  his  wants.  The  old 
style  of  cylindrical  boilers  is  giving  place  to  a  style  that  is 
better  adapted  for  the  mines  of  the  anthracite  region. 
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The  Stirling  water-tube  boiler,  the  Babcock  8t  Wilcox 
water-tube,  the  National  water-tube  boiler,  and  others  of  a 
similar  type  are  in  numerous  instances  replacing  the  old 


style  of  cylinder  boilers.  They  are  better  steam-generators, 
and  are  more  efficient  for  the  same  amount  of  coal  used. 

2734.  It  matters  not  what  boiler  is  decided  upon,  the 
foundation  for  the  same  should  be  very  substantial.  In 
excavating,  a  good  solid  bottom  must  be  secured,  so  that  in 
after  years  no  trouble  will  arise  from  the  walls  settling. 

The  stonework  upon  which  brick  walls  are  erected  to 
enclose  the  boilers  should  be  brought  up  out  of  the  ground 
at  least  to  such  a  height  that  the  wall  will  be  on  the  same 
level  as  the  front  piers  supporting  the  boiler  house,  as  shown 


14  SURFACE  ARRANGEMENTS  g  25 

at  b  and  c  in  Fig.  9S8.  If  this  method  is  followed,  scarcely 
any  trouble  will  be  experienced  when  the  boiler-house  floor 
is  laid. 

Generally,  the  stonework  is  simply  a  hammer-dressed 
wall.  The  brickwork  is  generally  set  back  from  the  face  of 
the  stonework  from  6  to  8  inches,  as  shown  at  d  and  d\ 
Fig.  988.  

BOILER  HOUSE. 

2735*  The  boiler  houses,  as  commonly  built,  are  frame 
structures.  The  rudest  kind  of  a  shed  answers  the  purpose 
at  some  collieries,  but  quite  substantial  stone  and  brick 
houses  are  seen  at  others. 

Fig.  988  shows  the  side  elevation  of  a  framing  for  a  boiler 
house  often  used  in  the  anthracite  region.  The  sheathing 
most  commonly  used  is  1-inch  white  pine  or  hemlock  boards 
or  sheets  of  corrugated  iron. 

The  covering  for  the  roof  may  be  either  shingles,  corru- 
gated iron,  or  slate.  In  case  a  shingle  or  corrugated-iron 
roof  is  put  on,  it  should  be  coated  with  a  good  covering  of 
mineral  paint.  Some  prefer  a  slate  roof  to  all  others  for 
boiler  houses.  They  complain  of  the  shingles  warping  on 
account  of  the  steam,  and  the  iron  corroding  in  case  both 
^ides  are  not  kept  well  covered  with  a  coat  of  paint. 

In  the  designing  of  a  boiler  house,  the  members  of  the 
different  trusses  must  be  made  high  enough  above  the 
boilers  so  that  they  do  not  interfere  with  the  erection  of  the 
steam  connections. 

Another  point  to  have  in  view  is  the  location  of  the  doors, 
so  as  to  give  the  men  in  charge  of  the  boilers  the  benefit  of 
any  breeze  in  summer-time.  To  do  this,  the  post  e  holding 
the  door  should  be  set  back  a  little  from  the  face  of  the 
boilers.  The  boiler  house  should  be  constructed  so  as  to 
give  ample  room  in  front  of  the  boilers  for  a  supply  of  coal 
that  will  last  several  days.  Every  boiler  house  should  have 
a  ventilator  /",  to  allow  the  steam  and  gases  to  escape.  The 
floor  of  the  boiler  house  should  be  laid  so  that  it  slopes 
towards  the  boiler. 


g  25  OF  ANTHRACITE  MINES.  15 

2736«  It  is  economical  to  have  a  feed-water  heater 
located  in  the  boiler  house  or  at  some  place  near  by,  so  that 
the  water  before  entering  the  boilers  can  be  heated.  There 
are  various  forms  of  feed-water  heaters  in  use;  one  that  is 
very  simple  in  construction  is  a  cylindrical  boiler  fitted  up 
for  the  purpose.  The  water  is  heated  by  running  the 
exhaust-steam  into  it  from  the  breaker  engine,  the  hoisting- 
engine,  a  pumping-engine,  or  from  the  fan-engine.  It  is 
also  arranged  so  that  a  jet  of  steam  can  be  used  at  anytime, 
as  at  night,  when  the  engines  are  not  in  use. 

2737.  In  the  anthracite  regions  at  the  present  day 
much  attention  is  paid  to  the  different  methods  that  utilize 
the  finer  sizes  of  coal  and  culm  for  steam  purposes.  The 
most  improved  system  of  grates  and  blowing  apparatus  is 
used,  whereby  the  finer  sizes  of  coal,  and  very  often  culm, 
can  be  burned. 

Where  culm  is  used,  a  great  deal  of  hard  manual  labor  is 
required.  To  overcome  this,  a  mechanical  stoker  is  some- 
times employed,  which  can  be  easily  attached  to  almost  any 
stationary  boiler  in  use  at  the  present  time.  With  this 
arrangement,  the  manual  labor  is  reduced  to  a  minimum. 


HOISTING-ENGINES. 

2738.  The  location  of  the  different  hoisting-engines 
used  about  a  colliery  depends  upon  the  kind  of  opening, 
whether  it  is  a  shaft  or  slope,  upon  the  topography  of  the 
surface,  and  the  location  of  the  opening,  whether  it  is  in 
connection  with  the  breaker  or  at  some  distance  from  it. 

With  a  shaft  opening,  the  distance  between  the  hoisting- 
engine  and  head-frame  should  be  such  that  the  rope  will 
coil  regularly  on  the  drum.  It  should  also  be  located  so 
that  it  will  not  be  necessary  to  put  carrying  pulleys  between 
the  drum  and  head-frame  to  overcome  the  violent  oscilla- 
tion of  the  rope  that  results  from  an  improper  location. 

2739.  In  case  of  a  shaft,  an  arrangement  called  a 
vertical  liolst  is  employed,  except  where  the  coal  is  con- 
veyed to  the  top  of  the  breaker  by  means  of  tracks  or  chute, 
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or,  as  is  very  often  the  case,  by  an  Inclined  hoist.     For 

the  Anthracite  Mine  Law  of  Pennsylvania  specifies  that  **  no 
inflammable  structure,  other  than  a  frame  to  sustain  pulleys 
or  sheaves,  shall  be  erected  over  the  entrance  of  any  open- 
ing connecting  the  surface  with  the  underground  workings 
of  any  mine,  and  no  breaker  or  other  inflammable  structure 
or  structures  for  the  preparation  or  storage  of  coal  shall  be 
erected  nearer  than  200  feet  to  any  such  opening."  In  case 
of  a  vertical  hoist,  the  winding-engine  used  to  operate  this 
hoist  is  generally  located  in  the  lower  part  of  the  breaker,  or 
the  breaker  engine  may  be  used,  the  drum  being  provided 
with  a  friction-clutch. 

At  collieries  where  the  coal  is  raised  through  a  slope, 
and  the  slope  is  connected  with  the  main  structure  by  an 
inclined  plane,  the  location  of  the  engine,  if  the  topography 
will  permit,  is  on  line  with  the  slope  at  some  point  back  of 
the  breaker.  On  a  side-hill  this  location  is  preferable  to  all 
others. 

2740«  Where  hoisting  is  done  over  the  breaker,  the 
winding-engine  is  sometimes  located  within  the  lower  part 
of  the  breaker.  This  is  very  poor  practice,  and  should  be 
avoided,  for  a  number  of  breakers  have  been  destroyed  by 
fire,  the  origin  of  which  was  directly  or  indirectly  traceable 
to  the  engine  room.  Again,  the  rope  passing  through  the 
breaker  on  its  way  to  the  drum  is  an  annoyance,  and  often 
interferes  with  the  erection  of  improvements  that  are  de- 
sirable in  the  breaker  after  it  has  been  in  operation  for 
some  time. 

2741.  In  case  of  slopes  that  are  located  some  dis- 
tance from  the  main  structure,  the  drum  for  the  winding- 
engine  or  engines  should  be  located  one  hundred  and  fifty 
(150)  to  two  hundred  (200)  feet  from  the  knuckle,  so  as  to 
secure  a  sufficient  distance  between  the  knuckle  pulleys  and 
the  drum,  that  the  rope  may  coil  regularly  on  the  drum. 
In  case  the  drum  is  above  the  level  of  the  tracks,  the  height  , 

in  connection  with  the  distance  should  be  such  as  not  to  in-  ' 

terfere  with  the  hitching  and  unhitching  of  the  car,  and  at 
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the  same  time  give  ample  room  for  the  arrangement  of  the 
empty  and  loaded  tracks. 

When  the  winding-engine  and  drum  are  placed  below  the 
level  of  the  slope  knuckle,  the  rope  is  sometimes  passed 
through  a  slide,  twelve  to  eighteen  feet  long,  working  like  a 
cross-head  between  guides.  The  slide  is  attached  to  a 
counterweight,  and  the  hole  through  which  the  rope  plays, 
although  large  enough  to  pass  the  rope  freely,  will  not  pass 
the  rope-socket,  the  hook,  or  a  stop  placed  on  the  chain. 
After  the  loaded  car  is  detached,  the  drum  is  turned  back 
one-quarter  or  one-third  of  a  revolution ;  the  counterweight 
upon  the  rope  keeps  it  tight  upon  the  drum,  and  pulls  it  out 
to  within  a  few  feet  of  the  knuckles,  where  the  empty  car  is 
to  be  attached. 

In  many  cases  where  the  winding-engine  is  below  the 
slope  knuckle,  the  rope  coming  from  the  winding  drum  is 
passed  over  a  sheave  wheel  set  on  a  frame,  which  is  built 
high  enough  to  bring  the  rope  above  the  level  of  the  tracks 
at  the  head  of  the  slope. 

2742*  At  many  of  the  anthracite  collieries  hoisting- 
engines  are  located  on  the  surface  to  operate  inside  slopes 
and  shafts.  Where  such  engines  are  in  operation  the  rope 
is  led  from  the  drum  into  the  mine  through  a  bore-hole,  or 
in  many  cases  it  is  conveyed  through  an  old  breast  that  is 
worked  to  the  surface,  or  through  a  traveling  way,  pump 
way,  airway,  or  an  air-shaft  opening. 

These  engines  are  erected  upon  the  surface,  in  many 
cases,  to  avoid  the  damaging  effects  that  the  steam  has  on 
the  inside  workings  when  they  are  located  underground; 
besides,  there  is  then  no  loss  of  steam  by  condensation  from 
conveying  it  a  great  distance  into  the  mine.  Where  these 
engines  are  in  use,  they  usually  are  set  from  100  to  150  feet 
from  the  bore-hole. 

Instead  of  erecting  these  engines  on  the  surface  to  over- 
come the  disadvantage  of  exhausting  into  an  airway,  they 
are  sometimes  put  down  in  the  mine,  and  the  exhaust  from 
the  engines  is  led  into  a  good-sized  bore-hole  that  has  been 
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lined  to  keep  out  the  water  from  the  strata  it  passes  through. 
B^>re-h<>les  are  also  used  for  conducting  the  steam  into  the 
inside  workings  from  the  surface. 

2743*  Engines  that  are  used  to  lower  and  hoist  men 
into  and  out  of  the  mine  (these  are  generally  the  main 
winding-engines)  should  be  separated  from  all  other  engines 
or  machinery  and  from  the  sound  of  gongs  used  for  signal 
purposes  for  other  machinery,  so  that  the  attention  of  the 
man  in  charge  of  the  engine  will  not  be  drawn  away  from 
his  work. 

2744.  Anthracite  collieries  have  all  types  and  classes 
of  engines.  The  engines  used  for  hoisting  purposes  are  of 
the  horizontal  high-pressure  type,  either  direct-acting  or 
geared,  single  or  double. 

Where  a  large  number  of  mine-cars  must  be  handled  daily, 
powerful  double  direct-acting  engines  are  necessary. 

For  single-track  slopes,  engines  which  have  drums  loose 
on  the  shafts  are  used.  These  are  prevented  from  revolv- 
ing by  means  of  a  friction-clutch. 

The  friction-clutch  can  be  applied  to  such  a  drum  with 
equal  facility,  whether  the  engine  is  at  rest  or  in  motion. 
When  this  arrangement  first  came  into  use,  the  friction- 
clutch  was  applied  by  means  of  a  hand  or  foot  lever,  but  at 
present  it  is  applied  by  steam.  The  improved  device  is  con- 
structed so  as  to  gradually  engage  the  drum  as  it  is  thrown 
into  gear,  thus  avoiding  shock  or  strain  on  any  part  of 
the  engine. 

The  load  is  lowered  by  means  of  a  powerful  hand  or 
steam  brake,  or,  at  the  option  of  the  operator,  by  the  fric- 
tion itself. 

2745.  The  principal  requirements  of  anthracite  wind- 
ing-engines are: 

1.  The  engine  must  be  thoroughly  under  the  control  of 
the  engineer,  so  that  it  can  (a)  be  quickly  stopped  when 
running  at  full  speed,  and  (d)  be  moved  with  certainty  and 
nicety  through  a  small  fraction  of  a  revolution.  This  is 
necessary  in  landing. 
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3.  It  must  be  capable  of  being  quickly  started  with  full 
load  at  any  part  of  the  stroke. 

3.  It  must  be  capable  of  attaining  full  speed  in  two  or 
three  revolutions. 

4.  Great  strength  in  every  part  is  absolutely  essential  to 
prevent  breakage  from  the  severe  shocks  to  which  winding. 
engines  are  always  subjected. 

5.  Its  construction  must  be  as  simple  as  possible. 

G.  Every  part  of  the  engine  and  drum  should  be  easily 
accessible,  to  facilitate  repairs. 

2740.  i>rufns> — The  drums  m  use  for  hoisting-engines 
are  of  different  types,  and  are  seldom  less  than  G  feet  in 
diameter. 

Cylindrical  drums  are  in  more  general  use  than  any  other 
type,    except    for     very 
large    shaft    engines, 
where  the  double  conical 
drum  is  generally  used. 

2747.  In  Fig.  989, 
(a),  {b),  and  {c)  show  the 
types  of  drums  generally 
used  at  collieries  in  the 
anthracite  region ;  (o)  and 
[b)  are  for  slope  engines, 
andthedrum  (c)  for  shaft 
engines. 

The  type  shown  at  («) 
is  usually  constructed 
with  3  or  3  spiders  having 
6  or  8  arms,  surrounded 
by  a  lagging  of  timber 
from  6  to  8  inches  thick. 
The  part  a  is  one  of  the 
flanges  or  horns  that  are 
used  to  comply  with  Sec- 
tion 15  of  the  Anthracite 
Mine  Law  of  Pennsylvania. 


These  flanges  are  sometimes 
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cast  in  one  piece  with  the  drum  spider,  or,  as  is  very  often  the 
case,  the  flanges  are  cast  separately  and  bolted  to  the  drum. 

The  place  for  the  brake  band  is  shown  at  a\  This  is 
sometimes  cast  in  connection  with  the  spider,  especially 
where  a  steam  brake  is  used. 

When  the  part  a!  on  which  the  brake  band  is  closed  is  not 
cast,  blocks  from  6  to  8  inches  thick  are  bolted  to  the  lag- 
ging of  the  drum,  or  the  brake  is  applied  directly  to  the 
drum  laggings.     This,  of  course,  is  a  very  poor  practice. 

The  drum  (b)  is  a  cast-iron  one,  and  is  in  use  at  but  few 
collieries  in  the  anthracite  regions. 

The  double  conical  drum  (r)  generally  has  an  attachment 
on  its  inner  side 'to  adjust  the  rope.  This  is  of  great  benefit 
for  shafts,  for  after  the  rope  has  been  in  use  for  some  time 
one  end  or  the  other  needs  adjusting. 

When  the  engine  is  not  direct-acting,  the  spur-wheel  used 
for  driving  the  drum  is  often  placed  in  the  center  of  the 
drum,  instead  of  at  either  end.  This  has  been  considered 
one  of  the  best  plans  for  geared  engines,  as  it  reduces  and 
localizes  the  torsional  strain  to  which  the  drum  shaft  is 
subjected. 

2748.  Brakes, — A  great  number  of  different  types  of 
drum  brakes  are  in  use  at  the  present  time.  The  old  style 
of  brake-blocks  are  fast  giving  way  to  the  iron  band,  which 
is  now  in  general  use  throughout  the  anthracite  region. 
This  band  is  operated  by  hand  or  steam-power.  In  case  of 
a  hand-lever,  the  force  is  multiplied  by  using  several  short 
levers.  Where  steam  is  used  to  apply  the  force  against  the 
brake-lever,  the  brake  is  generally  termed  a  steam-brake. 

2749.  Steam-brakes  for  hoisting  and  haulage  engines 
have  always  been  considered  very  desirable,  but  trouble  was 
met  with  in  their  use  on  account  of  the  sudden  jumping  and 
irregular  movement  of  the  piston,  and  the  shock  to  the 
cylinder  and  its  connected  mechanism  at  the  end  of  the 
stroke.  This  appears  to  have  been  overcome  in  the  design 
of  the  Zehnder  steam-brake,  shown  in  Fig.  990.  This  con- 
sists of  two  cylinders,  the  upper  one  being  an  air-cylinder 
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with  a  port  controlled  by  a  valve  of  peculiar  construction 
near  each  end.  The  lower  cylinder  is  a  steam-cylinder. 
Both  cylinders  are  supplied  with  a  piston  and  piston-rod, 
connected  with  each  other  by  a  cross-head.  On  the  cross- 
head  connecting  the  two  piston-rods  is  a  pin  which  is  con- 
nected with  the  lever  leading  to  and  working  the  brake 
device  on  the  drum.  The  air-cylinder,  which  receives  its 
air  through  the  valves  located  on  the  top,  forms  an  air- 
cushion  which  prevents  the  steam  piston  striking  against 


Pig.  990. 

the  end  of  the  steam-cylinder;  a  hand-operating  lever  is 
attached  to  the  power  brake  in  such  a  manner  that  it  can 
be  used  to  set  the  brake  in  cases  of  emergency,  and  at  the 
same  time  not  interfere  with  the  movements  of  the  steam 
mechanism. 


BREAKER  ENGINE. 

2750.  The  breaker  engine,  which  is  the  engine  used  to 
drive  the  machinery  connected  with  the  breaker  in  the 
preparation  of  coal,  is  generally  located  in  the  lower  part 
of  the  breaker. 

There   are   breakers  where    the   engine  is  located   some 
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distance  away,  so  as  to  guard  as  much  as  possible  against 
fire. 

Where  the  engine-house  is  separated  from  the  main  struc- 
ture, a  wire  rope  :s  used  for  transmitting  the  power. 

In  the  latest  construction  of  anthracite  breakers,  the 
breaker  engine  is  placed  within  the  main  structure.  This 
would  seem  to  indicate  the  proper  place  for  the  engine,  for 
the  power  will  be  more  direct,  and  in  case  of  accident  the 
man  in  charge  of  the  engine  can  oftentimes  discover  it 
before  he  is  signaled. 

The  breaker  engines  are  generally  of  the  horizontal  type, 
and  both  single  and  double  ones  are  in  use.  Their  size  will 
depend  upon  the  amount  of  machinery  in  use. 

Very  often  engines  are  located  in  different  parts  of  the 
breaker  to  run  a  special  piece  of  machinery,  and  sometimes 
a  separate  engine  is  used  to  run  each  set  of  jigs. 

By  the  use  of  these  different  engines  a  great  deal  of  work 
is  taken  away  from  the  main  breaker  engine.  However,  it 
is  better  practice  to  operate  everything  in  the  breaker,  with 
the  exception  of  the  jigs,  by  one  engine. 

A  breaker  engine  must  always  be  powerful  enough  to 
supply  extra  power  in  case  it  is  necessary  to  put  in  improve- 
ments after  the  breaker  has  been  in  operation  for  some  time. 

The  size  of  hoisting-engines  can  be  very  readily  com- 
puted, but  a  breaker  engine  is  generally  selected  by  com- 
parison with  others.  If  a  125-horsepower  engine  is  in  use 
at  a  colliery  preparing  1,500  tons  of  coal  per  day,  and  the 
new  plant  has  coal  of  about  the  same  grade,  needs  about  the 
same  amount  of  machinery  to  prepare  the  coal,  and  carries 
the  same  pressure  of  steam  through  the  same  length  of  pipes 
from  boilers  to  engine,  a  good  basis  is  at  hand  for  making 
the  selection. 

Every  breaker  engine  should  be  fitted  up  with  a  governor, 
so  the  speed  of  the  engine  may  be  regulated.  It  should  also 
have  a  self-acting  lubricator,  one  that  can  be  set  so  that  the 
cylinder  can  receive  a  sufficient  quantity  of  the  lubricant. 
The  different  journals  of  the  engine  should  also  be  supplied 
with  self-oiling  cups,  for  in  most  breaker-engine  rooms  there 
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is  more  or  less  dust,  and  this,  with  the  continual  running  of 
the  engine,  requires  the  journals  to  be  well  supplied  with  oil. 

2751.  Indicating:  Engines. — Some  coal  companies 
in  the  anthracite  region  pay  much  attention  to  the  indicating 
of  engines.  Economy  of  steam  is  their  prime  motive,  and 
to  attain  it  the  old  style  of  slide-valve  engine  is  giving  place 
to  those  special  designs  which  admit  of  a  greater  number  of 
expansions  than  can  be  obtained  with  the  ordinary  slide- 
valve.  Such  valves  are  better  adapted  to  breaker  and  fan 
engines,  which  run  continuously,  than  to  hoisting-engines, 
where  there  is  a  continual  starting  and  stopping. 

2752.  Engine  Foundations. — A  great  deal  of  atten- 
tion is  paid  to  the  engine  foundations  at  the  present  day. 
Almost  without  exception  they  are  built  of  stone.  The  stone 
of  which  the  foundations  are  constructed  may  be  of  any 
kind,  so  long  as  it  is  durable.  Most  mining  properties  have 
an  abundance  of  conglomerate  rock,  which  will  answer  very 
well  for  engine  foundations. 

In  excavating,  a  good  solid  bottom  is  sought,  and  very 
often  masonry  is  built  on  the  bed-rock.  The  general  practice 
is  to  build  the  foundation-bolts  in  the  masonry. 

Wooden  templets  are  made  at  the  shops  where  the  engines 
are  manufactured,  and  sent  to  the  colliery.  They  are  set 
up  on  some  framing  erected  about  the  excavation.  Some 
line  on  the  templet  is  assumed  in  connection  with  the  lines 
of  the  slope  or  shaft.  The  templet  is  leveled  up  and  put  in 
position  by  an  experienced  mechanic. 

In  finishing,  the  top  of  the  foundation  is  made  as  nearly 
level  as  possible.  After  the  bed-plate  of  the  engine  has 
been  set  in  position,  it  is  leveled  up  by  introducing  small 
iron  wedges  between  the  bed-plate  and  the  top  of  the  foun- 
dation. After  the  foundatfon-bolts  have  been  securely 
drawn  up,  sulphur  is  used  to  fill  up  the  small  openings 
existing  between  the  bed-plate  of  the  engine  and  the  top  of 
the  foundation,  so  as  to  give  the  engine  a  solid  bearing 
throughout. 

The  height  to  which  the  foundations  are  brought  up  is 
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governed  very  often  by  the  topography  of  the  surface,  but 
mostly  by  the  amount  of  clearance  needed  by  the  drums, 
fly-wheels,  and  belt  wheels  that  are  in  use,  and  also  by  the 
amount  of  stone  necessary  to  insure  absolute  stability. 

A  distance  of  8  to  12  inches  is  not  too  much  space  to 
allow  between  the  edge  of  the  bed-plate  and  the  sides  of 
the  foundation.  

DRAINAGE  AND  PUMPING  MACHINERY. 

2753.  The  pumping  machinery  used  about  an  anthra- 
cite mine  is  for  draining  the  mine,  supplying  the  boilers 
with  water,  supplying  the  different  washing  apparatus  in 
and  about  the  breaker,  or  for  use  in  case  of  fire. 

In  mine  drainage,  the  water  that  can  be  caught  by  a 
water-level  gangway,  opening  by  drift  or  tunnel  to  the  sur- 
face, is  conveyed  by  gravity  directly  from  the  mine. 

The  water  in  a  mine  below  water  level  is  either  pumped 
out  by  a  pump  located  on  the  surface  or  in  the  mine,  or  it  is 
hoisted  by  the  winding-engines  in  a  special  car,  known  as 
the  'water  car. 

2754.  There  are  two  classes  of  pumps  in  common  use 
in  the  anthracite  region  for  draining  mines — the  outside 
plunger -pumps  and  the  inside  steam-pumps. 

The  first  class  of  pumps  is  arranged  on  the  surface 
directly  over  or  in  line  with  an  opening  called  the  pump 
^way,  down  which  the  pump-rods  and  column  pipes  are 
carried  into  the  mine.  The  class  of  outside  pumps  which 
meets  with  most  favor  at  the  present  time  in  the  anthracite 
region  is  the  bull-pump. 

Steam-pumps  of  almost  all  forms,  sizes,  and  makes  are  to 
be  found  inside  the  mines  throughout  the  anthracite  region. 
Thp  number  of  collieries  at  which  no  steam-pumps  are  used 
is  comparatively  small. 

The  inside  steam-pumps  are  nearly  all  plunger-pumps,  as 
they  are  more  suitable  for  the  strongly  acidulated  mine 
water  than  the  ordinary  piston  pumps. 

The  Goyne,  Jeanesville,  Stockton,  Allison,  Worthington, 
Cameron,  Knowles,  and  Laidlaw-Dunn-Gordon  are  some  of 
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the  steam-pumps  most  commonly  used  in  the  anthracite 
region. 

At  some  of  the  mines,  instead  of  using  steam  to  operate 
the  inside  pumping  machinery,  compressed  air  or  electricity 
is  employed.  Where  this  is  done,  the  generating  plants  are 
erected  on  the  surface  at  some  convenient  place  near  the 
mine  opening. 

2755.  At  collieries  not  provided  with  pumping  machin- 
ery,- the  water  is  raised  by  the  winding  machinery  in  a 
water  car. 

At  slope  collieries  this  car  generally  consists  of  an  old 
cylindrical  boiler-shell  provided  with  large  flap-valves,  and 
mounted  on  the  bottom  framing  or  truck  of  a  mine-car. 
When  coal  is  not  being  hoisted,  the  water  car  is  run  on  the 
slope  and  the  water  raised.  The  valves  are  so  arranged 
that  when  the  car  is  lowered  into  the  water  the  boiler  is 
filled,  and  on  reaching  the  surface  it  can  be  quickly  emptied 
by  means  of  a  lever  opening  the  valves. 

At  shaft  collieries  the  water  car  is  of  special  design,  and 
is  generally  attached  directly  to  the  rope,  the  cage  being 
detached  during  the  operation  of  hoisting  water.  These 
water  cars  or  tanks  are  also  filled  at  the  bottom  of  the  shaft 
by  a  valve  arrangement  in  the  bottom  of  the  car,  and  are 
emptied  by  an  automatic  arrangement  at  the  surface.  The 
pumps  for  outside  purposes  are  similar  to  those  mentioned 
in  the  list  of  steam-pumps  for  use  inside  the  mine,  but  of  a 
smaller  pattern. 

HEAD-FRAMES. 

2756.  Having  decided  upon  the  location  for  the  hoist- 
ing-engine, the  erection  of  the  head-frame  is  begun,  in  case 
the  opening  is  a  shaft. 

The  head-frame  is  a  support  for  the  sheaves,  or  wheels, 
over  which  the  winding-ropes  are  led  from  the  drum,  which 
is  located  at  a  short  distance  from  the  shaft.  At  some  of 
the  colleries  in  the  anthracite  region  iron  and  steel  head- 
frames  are  being  erected.     These  are  far  superior  to  the 
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timber  head-frames  for  shafts,  on  account  of  their  durability 
and  their  indestructibility  by  fire. 

There  are  places  in  the  anthracite  region  where  a  steel  or 
iron  chute  is  used,  in  connection  with  a  steel  or  iron  head- 
frame,  to  convey  the  coal  to  the  breaker,  instead  of  con- 
veying it  by  tracks  over  the  surface. 

27S7m  In  the  anthracite  region  there  are  three  classes 
of  head-frames  in  use  : 

1.  The  triangular  form. 

2.  The  square  upright  pattern,  with  or  without  inclined 
braces. 

3.  An  upright  frame,  with  inclined  braces. 

2758.  Fig.  991  shows  the  construction  of  a  triangular 
form  of  a  timber  head-frame  which  is  largely  used.  In  this 
figure  are  shown  a  side  elevation  and  an  end  view  taken 
directly  in  front  of  the  upright  post  marked  a  in  the  side  view. 

In  the  construction  of  the  above  form  of  head-frame  the 
location  of  the  drum  and  of  the  shaft  are  known ;  the  height 
of  the  head-frame  is  then  decided  upon,  and  is  usually  made 
from  30  to  50  feet.  With  direct-acting  engines  this  height 
should  be  sufficient  to  allow  a  play  of  at  least  two-thirds  of 
a  revolution  between  the  cage  landing  and  the  overwinding 
point. 

2769.  As  shown  in  Fig.  992,  S  is  the  sheave  and  Z>  the 
drum.  The  two  forces  a  D  and  a*  D  act  towards  the  drum, 
and  two  vertical  forces  act  down  the  shaft  approximately 
equal  to  the  two  forces  acting  towards  the  drum.  There 
are,  therefore,  two  resultants,  a  b  and  a!  b\  the  directions  of 
which  are  determined  by  lines  from  a  and  a'  through  the 
center  of  the  sheave  5". 

This  diagram  shows  that  the  structure  of  maximum  sta- 
bility will  have  a  vertical  limb  parallel  to  the  vertical  forces, 
and  an  inclined  limb  approximately  parallel  to  a  line  joining 
the  centers  S  and  D\  but  as  it  is  not  usually  feasible  to 
make  A  S  parallel  to  S  />,  the  inclined  limb  is  given  less 
inclination. 

Theoretically,  the  brace  A  S  should  be  in  the  direction  of 
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and  parallel  to  the  resultant,  but  at  times  the  structure  is 
subjected  to  variable  strains  in  hoisting;  consequently,  the 
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direction  of  the  brace  A  S  will  be  somewhere  between  the 
resultant  and  the  line  of  the  under-winding  rope  of  the  drum. 

2760*  Again  referring  to  Fig.  991,  the  construction 
shows  the  head-frame  to  be  made  up  of  the  posts  a,  which 
are  parallel  to  the  winding-rope  6  running  down  the  shaft ; 
the  inclined  brace  r,  which  resists  any  thrust  that  would 
tend  to  rotate  the  head-frame;  the  inclined  brace  rf,  to 
which  are  secured  the  cross-timbers  m  that  support  the  cage- 
guides  e. 

As  shown  in  this  figure,  the  sills  /  are  made  up  of  three 
pieces  of  timber  8  inches  X  14  inches  in  cross-section.  The 
posts  a  rest  in  cast-iron  shoes  ^;  the  shoes,  as  shown,  are 
firmly  bolted  to  the  posts  and  sills.  The  inclined  braces 
c  and  d  are  fitted  with  cast-iron  shoes  A  and  /. 

Where  the  post  a  and  the  two  braces  c  and  d  unite  at  the 
top  of  the  frame,  they  are  held  in  place  by  the  casting  j 
which  supports  the  pillow-block  k. 

The  posts  a  and  the  brace  c  are  made  up  of  two  pieces  of 
timber  8  inches  X  14  inches  in  cross-section.  The  brace  d 
consists  of  one  piece  of  timber  8  inches  X  14  inches  in  cross- 
section.      The   transverse   timbers   /,   which   are   used   for 
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bracing,  are  two  pieces  of  timber  0  inches  X  14  inches  in 
cross-section. 

The  timbers  m  supporting  the  guides  are  single  pieces  of 
timber  8  inches  x  8  inches  in  cross-section. 

The  center  post,  as  shown  in  the  cross-section,  is  braced 
by  the  two  pieces  n  and  o^  which  are  supported  by  the  two 
timbers  /  and  q  bolted  to  the  two  outside  upright  posts. 
The  upright  posts  a  and  the  inclined  brace  c  are  further 
braced  by  the  tie-rods  r,  j,  /,  and  «,  all  of  which  are  fitted 
with  turnbuckles,  as  shown  at  v.  The  different  posts  are 
firmly  bolted  together,  the  bolts  being  fitted  with  cast-iron 
washers.  

INCLINED    PLANES. 

2761  •  When  the  opening  is  a  slope,  and  the  breaker  is 
placed  in  front  of  the  slope  mouth,  the  main  structure  is 
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placed  at  some  distance  from  the  opening  and  is  connected 
to  it  by  an  inclined   plane,  built   as   an   open   trestle   and 
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forming  a  continuation  of  the  slope.  There  are  various 
methods  used  in  framing  these  trestles,  the  particular  form 
depending  upon  the  height  and  the  distance.     Figs.  993, 
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994>  and  995  show  the  side  elevation  of  some  of  the  different 
forms  for  framing  trestles  used  in  building  inclined  planes 
in  the  anthracite  region. 


2762*     The  method  of  framing  as  shown  in  Fig.  903 
requires  very  heavy  timber,  generally  12  inches  x  14  inches 
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or  12  inches  X  12  inches,  with  5-inch  X  6-inch  braces.  This 
method  of  framing  makes  a  very  substantial  structure. 

In  Fig.  094  the  timbering  used  is,  a,  10  inches  x  12  inches; 
t,  5  inches  x  12  inches;  c  and  c\  5  inches  X  10  inches.  In 
this  method  the  posts  and  the  cross-beams  are  made  up  of 
two  separate  pieces  of  timber,  the  different  parts  being  fast- 
ened together  by  bolts. 

Fig.  995  shows  a  framing  where  corbel  blocks  a,  a'  are 
used.  These  give  a  greater  bearing  surface  for  the  stringers, 
and,  consequently,  strengthen  them.     When  the  slope  is 
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not  on  line  with  the  breaker,  there  is  what  is  called  the 
slope  landing:.  This  consists  of  the  tracks  and  turnouts 
laid  on  the  ground  at  the  mouth  of  the  slope. 

In  some  places,  where  it  is  necessary  to  get  on  higher 
ground  to  locate  the  turnouts,  or  where  the  cars  can  be  run 
direct  to  the  dump,  some  such  arrangement  as  shown  in 
Fig.  996  must  be  resorted  to.  This  is  simply  a  short  inclined 
plane  connected  with  a  trestle. 

2763.  Safety  Blocks. — Fig.  996  shows  the  arrange- 
ment of  a  safety  block  used  at  the  head  of  slopes,  in  compli- 
ance with  the  Anthracite  Mine  Law.  Such  an  arrangement 
of  safety  blocks  is  necessary  at  the  head  of  every  slope,  to 
prevent  the  descent  of  mine-cars  into  the  slope  before  the 
wire  rope  is  attached.  The  amount  of  damage  done  by  a 
single  escaping  car  is  often  so  great  that  the  money  required 
for  repairs  would   pay  for   the   adoption  of  an  expensive 
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device  for  preventing  such  an 
accident.  The  block  as 
arranged  and  shown  in  Fig.  996 
is  for  a  single-track  slope.  It 
is  very  simple,  thoroughly  re- 
liable, and  an  inexpensive  appli- 
ance. 

This  safety  attachment  con- 
sists essentially  of  the  blocks  A 
and  A\  the  shaft  B,  the  arm  (7, 
the  rod  Z),  and  the  lever  £. 

The  pieces  A  and  A'  are  gen- 
erally made  of  8-inch  X  12-inch 
timber,  and  are  iron-bound  at 
the  extremities  to  prevent  wear- 
ing. The  shaft  B,  to  which  is 
keyed  the  arm  C,  is  2  inches  to 
2^  inches  in  diameter,  and  the 
parts  A  and  A'  are  securely 
fastened  to  it.  Z^  is  a  rod  con- 
necting the  arm  C  with  the 
lever  F.  The  rod  D,  where  it 
unites  with  the  lever  E  at  Z%  is 
made  as  shown  at  F\  in  a  sort 
of  a  loop.  The  car,  as  it  comes 
over  the  knuckle,  finds  the 
blocks  A  and  A'  in  the  position 
Gy  and  the  rod  D  in  the  position 
F,  The  axle  of  the  car  strikes 
the  block  and  changes  the  posi- 
tion from  G  to  G'y  and  the  rod  D 
is  changed  from  F  to  h\  on  ac- 
count of  the  loop  shown  at  /"'; 
hence,  during  this  operation 
the  lever  E  remains  stationary. 

After  the  car  or  cars  have 
passed  over  the  block,  it  resumes 
its  vertical  position,  due  to  the 
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position  of  the  shaft  B.  If  it  is  found  that  the  blocks  do 
not  resume  their  vertical  position  promptly,  a  weight  can 
be  attached. 

When  the  cars  are  about  to  descend  the  slope,  after  the 
rope  is  attached,  the  man  in  charge  of  the  lever  E  pushes  it 
forward  in  direction  //,  thus  bringing  the  block  into  position 
G\  This  is  a  style  of  block  that  seldom  gets  out  of  order, 
and  is  simple  and  strong  in  its  construction. 

The  above  block  is  one  of  the  many  kinds  in  use  in  the 
anthracite  region.  The  style  generally  depends  upon  the 
place  where  it  is  to  be  located. 


FANS. 

2764.  There  is  no  definite  location  on  the  surface  for  a 
fan  in  connection  with  the  outside  arrangements  that  helps 
to  operate  the  plant.  The  location  depends  altogether  on 
the  arrangement  of  the  underground  openings. 

Where  a  new  plant  is  opened  up  by  means  of  two  slopes, 
which  are  termed  the  **main"  and  ** tender"  slopes,  it  is 

customary  to  place 
the   fan  between 
the  two. 
P^  Fig.     997    shows 

the  plan  of  opening 
up  a  plant  by  means 
of  two  slopes,  the 
tender  slope  C  and 
the  main  slope  B. 
A  is  the  shaft  on 
which  the  fan  oper- 
ates, D  being  the 
pump  way.  In  this 
method  of  opening,  the  tender  slope  C  is  driven  downwards 
from  the  surface,  while  the  openings  A^  D^  and  ^are  opened 
from  below  upwards. 

In  very  deep  shafts  there  is  generally  a  fan  compartment. 
In   most   cases,   however,  there   is  a  special  opening  made 
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for  the  fan,  either  by  sinking  a  shaft  or  driving  a  passage  to 
the  outcrop  of  the  vein. 

2765«  Since  the  passage  of  the  Anthracite  Mine  Law 
prohibiting  the  use  of  furnaces  in  gaseous  mines,  centrifugal 
fans  have  come  into  general  use. 

The  centrifugal  ventilating  fan  is  a  machine  which  is  com- 
posed of  a  number  of  straight  or  curved  vanes  mounted  on  a 
shaft,  to  which  a  rotary  motion  is  given.  The  air  drawn 
from  the  mine  enters  the  apparatus  by  an  opening  around 
the  axis.  It  then  comes  in  contact  with  the  vanes,  which 
communicate  their  motion  to  it,  and  under  the  action  of  the 
centrifugal  force  it  is  driven  to  the  circumference  and  from 
there  into  the  outer  atmosphere. 

Ventilating  machines  used  at  the  anthracite  mines  act,  in 
general,  either  as  exhausting  machines,  placed  at  the 
top  of  the  upcast  shaft,  or  as  blo^w^ins-machines,  placed 
at  the  top  of  the  downcast  shaft.  The  exhausting  machines 
draw  in  the  air  through  a  short  or  long  channel  and  eject  it 
into  the  atmosphere;  blowing-machines,  on  the  contrary, 
take  the  air  from  the  atmosphere  and  force  it  into  the  mine 
openings. 

2766.  In  the  anthracite  region  there  are  various  types 
of  fans  in  use,  but  the  one  known  as  the  Guibal  fan  is  used 
more  extensively  than  all  others. 

The  most  important  and  distinguishing  feature  of  the 
Guibal  fan  is  the  spiral  or  circular  housing.  In  this  the  fan 
differs  from  all  others  (except  the  Capell  and  the  Schiele). 
The  Guibal  delivers  all  its  air  through  one  opening. 

This  opening  is  regulated  by  an  adjustable  shutter.  The 
theory  of  the  shutter  is  here  briefly  stated:  The  air  is 
delivered  at  the  throat  at  a  velocity  nearly  equal  to  the 
ends  of  the  vanes,  and  a  certain  known  volume  of  air  is 
delivered  by  the  fan  every  minute.  If  the  outlet  is  too 
small,  the  air  does  not  find  free  exit ;  if  too  large,  reentries 
of  air  occur  behind  each  blade.  The  shutter  provides  a 
means  of  so  regulating  the  size  of  the  orifice  that  it  is  just 
sufficiently  large  to  give  free  exit  to  the  required  quantity. 
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2767«  The  diameters  of  fans  used  in  the  anthracite 
region  vary  from  10  feet  to  35  feet.  From  recent  experi- 
ments, it  has  been  found: 

1.  The  only  advantages  obtained  by  increasing  the  diam- 
eter of  fans  are :  Less  speed  is  required  from  the  engine  if  it 
works  direct  on  the  fan  shaft,  a  proportional  extra  width  is 
obtained,  and  there  is  a  larger  area  for  the  air  to  flow  through 
into  the  fan. 

2.  The  width  of  fans  appears  to  exert  but  small  influence 
on  their  efficiency,  but,  as  a  rule,  an  increase  in  width 
enables  a  fan  to  exhaust  more  air. 

3.  The  influence  of  the  shape  of  the  spiral  casing  is  con- 
siderable. The  best  shape  begins  to  curve  away  at  or  near 
the  cut-off,  and  gradually  increases  the  space  between  the 
blades  and  the  casing  until  the  outlet  is  reached.  At  this 
point  it  should  be  from  one-fourth  to  one-third  the  diameter 
of  the  fan. 

4.  The  influence  of  the  shutter  is  decidedly  advantageous, 
as  by  its  use  the  opening  at  the  end  of  the  spiral  casing  is  so 
regulated  as  to  give  the  highest  efficiency  of  the  fan. 

5.  The  tests  show  that  fans  give  the  best  results  when 
running  at  a  peripheral  speed  of  5,000  to  6,000  feet  per 
minute. 

2768.  In  the  anthracite  region  there  are  more  different 
types  of  engines  running  fans  than  any  other  kind  of 
machinery  about  the  colliery.  At  the  same  colliery  there 
often  are  horizontal,  vertical,  inclined,  and  oscillating 
engines  running  different  fans. 

Too  much  importance  can  not  be  placed  upon  the  selection 
of  a  fan-engine  for  a  large,  gaseous  colliery.  A  breakdown 
at  any  time  may  cause  the  loss  of  many  lives,  and  result  in 
great  damage  to  the  mines.  It  is,  therefore,  of  great 
importance  to  have  an  engine  that  will  run  regularly  and 
with  little  risk  of  breakage. 

When  the  fan  is  located  directly  over  the  airway,  it  is 
subject  to  more  danger  from  fire  than  when  located  a  few 
feet  away  from  the  shaft  mouth;   but,  even  when  fans  are 
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not  placed  directly  over  the  upcast,  they  are  placed  so  near 
to  it  that  the  risk  of  damage  by  fire  is  almost  as  great. 

To  guard  as  much  as  possible  against  loss  in  case  of  fire, 
the  fan  enclosures  should  be  built  either  of  iron  or  brick, 
instead  of  wood.  

ARRANGEMENT   OF   SOME  OF  THE  BUILDINGS 
AND  OTHER  NECESSARY  EQUIPMENTS. 

2769.  Engine-Houses. — Most  pf  the  engine-houses 
erected  in  the  anthracite  region  are  frame  structures,  with 
either  shingle  or  corrugated-iron  roofs ;  in  many  cases  the 
sides  also  are  of  corrugated  iron.  At  some  collieries,  where 
there  are  expensive  winding-engines,  the  engine-houses  are 
of  brick  or  stone.  Iron,  stone,  and  brick  are  used  in  con- 
struction, to  guard  as  much  as  possible  against  fire.  The 
sides  and  roofs  of  frame  and  iron  structures  are  coated  with 
red  mineral  paint. 

The  different  structures  are  all  well  lighted,  heated,  and 
ventilated,  the  ventilator  being  an  opening  in  the  roof  fitted 
with  small  windows  that  can  be  opened.  The  engine-houses 
are  generally  heated  by  a  few  coils  of  steam-pipe,  in  connec- 
tion with  the  steam  fixtures  that  they  always  contain. 

In  constructing  an  engine-house,  at  least  5  feet  should  be 
allowed  between  the  engine  bed-plate  and  the  sides  of  the 
building,  and  at  least  the  same  distance  between  the  steam- 
cylinder  and  the  end  of  the  building.  At  the  drum  end  of 
the  building  there  should  be  a  space  between  the  end  of  the 
building  and  the  drum  fixtures,  at  least  wide  enough  so 
that  a  man  can  cross  from  one  side  of  the  building  to  the 
other. 

2770.  Carpenter   and   Blacksmith   Shops. — The 

carpenter  and  blacksmith  shops  should  be  located  under  one 
cover.  This  has  always  been  found  to  be  the  better  way  in 
practice,  for  the  one  in  many  cases  really  depends  upon  the 
other.  The  building  should  be  located  in  some  place  conve- 
nient to  the  main  opening,  so  that  it  is  not  necessary  to 
construct  a  great  length  of  track  to  convey  the  cars  from 
the  shaft  or  slope  to  the  shop  for  repairs. 
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The  size  of  the  structure  depends  upon  the  amount  of 
work  to  be  done.  Very  often  larger  shops  are  built  at  small 
plants  than  at  some  larger  ones.  This  is  because  the  mine- 
cars  in  the  latter  case  are  built  at  some  other  car  shops,  and 
all  the  heavy  ironwork  is  also  done  away  from  the  colliery 
blacksmith  shop.  When  this  is  the  case,  the  shops  are 
erected  merely  fur  repair  work,  such  as  sharpening  the 
miners'  tools,  repairing  mine-cars,  and  any  other  work  that 
may  be  needed  about  the  colliery.  At  some  collieries,  where 
they  build  their  own  mine-cars  and  do  their  own  heavy  iron- 
work, very  commodious  structures  are  erected,  which  are 
fitted  with  the  best  class  of  machinery,  so  that  the  work  can 
be  turned  out  with  neatness  and  despatch.  Such  shops  are 
well  lighted  and  ventilated,  and  the  carpenter  shop  is  built 
with  a  pit,  so  that  men  can  work  beneath  the  car. 

In  connection  with  the  blacksmith  and  carpenter  shops, 
some  of  the  collieries  have  a  well-equipped  machine-shop  in 
operation  to  do  the  necessary  repair  work  about  the  colliery. 

2771.     Powder  House. — This  is  the  building  wherein 
all  the  blasting  material  used  about  a  colliery  is  stored.     It 
is  generally  located  in  some  out-of-the-way  place  (that  is, 
separated  from  the  other  buildings),  so  as  to  avoid  as  much 
as  possible  the  danger  of  explosion  in  case  of  fire;  at  the 
same  time,  it  is  so  located  as  to  be  convenient  for  the  miners. 
The  building  is  generally  a  frame  structure,  with  a  corru- 
gated-iron roof.     At  some  collieries  in  the  anthracite  region 
very  substantia]  iron,  brick,  or  stone  structures  are  erected. 
The  size  of  the  structure  depends  upon  the  size  of  the  plant. 
Very  often  a  colliery  is  so  loca- 
ted that  it  can  be  furnished  with 
a  new  supply  of  explosives  at 
very  short  notice,  in  which  case 
a  large  stock  need  not  be  kept 
on  hand. 

Fig,    !)!I8    shows     a     powdet 

house  constructed  of  angle-iron 

Pio.  9M.  and  covered  with  No.  20  plain 
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painted  iron.  It  is  made  in  sections,  so  as  to  be  portable, 
and  can  be  fastened  to  any  wood  or  stone  floor,  holes  being 
made  in  the  angle-iron  for  this  purpose. 

2772*  Supply  House. — This  is  the  building  wherein 
are  stored  the  oil,  cotton,  shovels,  and  other  articles  used 
about  the  colliery.  It  is  located,  in  some  cases,  very  near 
the  main  opening,  so,as  to  be  convenient  for  the  miners;  at 
other  times  it  is  located  near  the  main 'railroad-track,  for 
convenience  in  unloading  barrels  of  oil  when  they  are  shipped 
direct  to  the  colliery.  This  building  is  generally  a  frame 
structure. 

There  is  another  supply  house  at  most  collieries  that  is 
referred  to  as  the  iron  bouse,  which  is  located  close  to  the 
blacksmith  shop,  as  shown  at  y,  Fig.  986.  This  building  is 
a  frame  structure,  usually  12  feet  X  24  feet,  and  is  used  for 
storing  bar  iron,  tool  steel,  bolts,  etc. 

2773.  Office. — ^This  is  one  of  the  necessary  structures 
for  a  colliery.  The  office  is  generally  divided  into  two  com- 
partments, one  being  occupied  by  the  superintendent  and 
the  other  by  the  colliery  clerk  and  the  shipper.  At  some 
collieries,  where  the  engineering  corps  are  stationed  at  the 
mines y  they  occupy  a  compartment  in  the  superintendent's 
office.  It  is  not  customary  at  the  present  time  for  the  col- 
liery clerk  to  be  stationed  at  the  colliery.  The  larger  mining 
^companies  generally  have  an  office,  located  in  a  town  or  city 
near  by,  where  the  colliery  accounts  are  made  out  and  kept. 
The  shipping-clerk,  generally  known  as  the  shipper,  then 
attends  to  everything  pertaining  to  clerical  duties  about  the 
colliery,  and  frequently  he  has  an  office  all  to  himself.  This 
office  is  usually  a  frame  or  brick  structure  located  near  the 
railroad  shipping  tracks,  so  that  the  shipper  from  his  window 
in  the  office  can  keep  a  record  of  the  loaded  cars  that  are 
sent  to  market. 

At  many  of  the  gaseous  collieries  there  is  a  compartment 
in  the  superintendent's  office  in  which  there  is  a  machine 
known  as  the  Sliai^  sas  tester,  which  is  used  to  test  the 
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air  from  the  mine  for  the  percentage  of  gas  it  contains. 
The  air  to  be  tested  is  brought  out  of  the  mine  in  rubber 
bags. 

2774.  Lamp  House. — At  many  of  the  large  gassy 
mines  there  is  a  frame  building  near  the  main  opening  known 
as  the  lamp  house.  Here  the  safety-lamps,  are  given  to  and 
received  from  workers  in  the  mine  by  a  man  known  as  the 
lamp  man,  whose  duty  is  to  inspect,  clean,  repair,  and  keep 
a  record  of  the  different  safety-lamps  that  are  used  in  the 
mine.  In  mines  where  there  is  but  a  small  quantity  of  gas 
the  work  of.  the  lamp  man  is  performed  by  the  fire  boas  at 
some  convenient  place. 

2775.  Wasli  House. — This  is  a  suitable  structure 
upon  the  surface,  as  required  by  the  Anthracite  Mine  Law, 
wherein  the  men  employed  in  the  mine  can  change  their 
clothing  before  entering  the  mine,  and  can  wash  themselves 
and  change  their  clothing  upon  returning  therefrom.  The 
structure  is  generally  a  frame  one,  and  is  located  so  as  to  be 
convenient  to  the  principal  entrance  to  the  mine.  The 
building  is  well  lighted  and  heated,  and  is  supplied  with 
pure  cold  and  warm  water. 

2776.  Timber  and  Lumber  Yards. — In  the  timber- 
yard  the  mine  timber  is  sized  preparatory  to  loading  it  into 
mine-cars  or  upon  mine  trucks.  It  is  here,  also,  where  the. 
rails,  sills,  planks,  boards,  lagging,  timber,  etc. ,  are  stocked 
that  are  to  be  used  in  the  mine.  This  yard  is  usually  near 
the  main  opening,  although  at  collieries  where  most  of  this 
material  is  received  by  rail,  and  there  is  a  convenient 
place  for  unloading  it,  the  yard  is  near  the  railroad-tracks. 
Then,  there  must  be  a  track  leading  from  the  main  opening 
to  the  timber-yard. 

The  loading  track  in  a  timber-yard  should  have  a  plat- 
form built  on  one  or  both  sides  of  it  high  enough  to  bring 
the  level  of  the  platform  a  little  above  the  height  of  the 
timber  truck,  so  that  there  need  be  no  unnecessary  lifting 
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or  rolling  of  the  heavy  timbers  to  get  them  upon  the  mine 
trucks.  The  lighter  lumber  to  be  used  in  the  carpenter 
shop  for  building  mine-cars  or  repair  work  is  either  cut  at 
the  colliery  sawmill  or  received  by  rail.  It  is  generally 
stored  under  small  sheds  near  the  carpenter  shop,  in  a  yard 
spoken  of  as  the  lumber'-yard. 

2777.  Barn. — This  structure  is  generally  erected  at 
some  distance  from  the  others,  so  as  to  be  out  of  the  way 
in  case  of  fire.  It  is  a  two-story  frame  building.  The  first 
story,  or  ground  floor,  is  used  for  stabling  purposes,  and 
contains  the  different  stalls  for  the  mules  and  horses  used 
about  the  colliery.  In  the  second  story  the  large  storage 
bins  for  the  grain  are  located.  The  hay  and  straw  used  are 
also  kept  on  this  floor. 

At  some  collieries  most  of  the  mules  used  underground 
are  kept  in  underground  stables,  on  account  of  the  great 
inconvenience  in  bringing  them  to  the  surface.  In  such 
cases  they  are  never  brought  to  the  surface  until  death 
overtakes  them,  or  in  case  of  a  long  suspension  of  mining 
operations. 

At  some  collieries,  where  a  large  number  of  mules  are 
used  underground,  the  barn  on  the  surface  is  made  suf- 
ficiently large  to  accommodate  them  all  in  case  of  suspen- 
sion. At  other  collieries  the  barn  is  made  just  large  enough 
to  accommodate  the  mules  and  horses  that  are  used  outside 
and  those  that  have  daily  exit  from  the  mine.  In  such 
cases,  when  there  is  a  suspension  of  work  underground,  the 
stock  is  sent  to  some  neighboring  place  for  shelter. 

The  barn  in  Fig.  986  shows  an  ideal  location.  The  sec- 
ond-story floor  is  just  low  enough  to  allow  a  truck  to  be 
used  in  conveying  the  grain  from  the  car  to  the  barn.  A 
barn  should  be  well  lighted,  and  so  constructed  as  to  be  at 
all  times  well  drained.  A  dam  should  be  built  near  the  barn, 
to  which  the  mules,  as  they  come  from  the  mines,  can  be 
driven  and  washed.  If  the  mine  dirt  is  allowed  to  accumu- 
late on  the  mules,  it  will  cripple  them  and,  in  time,  make 
them  unfit  for  service. 
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CULM,  OR  DIRT,  OR  WASTE  AND  ROCK  BANKS. 

2778.  A  suitable  location  for  the  culm,"  or  dirt,  or 
waste  and  rock  banks  is  very  often  a  difficult  matter  to 
decide  upon.  In  determining  the  location  of  the  rock  and 
culm  dumps,  the  topography  of  the  surrounding  area  exer- 
cises a  governing  influence.  It  is  always  advisable  to  avoid 
depositing  this  refuse  over  the  outcrop  of  a  workable  seam, 
for  when  these  heaps  catch  fire  there  is  more  or  less  danger 
of  the  fire  extending  from  the  outcrop  coal  into  the  mine. 
It  is  also  advisable  to  clear  away  all  old  logs,  stumps,  and 
other  vegetable  matter  before  dumping  culm  on  a  piece  of 
land,  as  decaying  vegetable  matter  in  a  culm  pile  will  start 
a  fire  by  **  spontaneous  combustion." 

2779.  At  the  present  time  waste  may  be  divided  into 
two  classes:  waste  coming  from  dry  breakers  and  waste 
coming  from  ivet  breakers.  In  the  first  case,  the  coal  as  it 
comes  from  the  mines  is  in  a  more  or  less  dry  condition ;  in 
the  second  case,  the  coal  as  it  comes  from  the  mines  is  in  a 
more  or  less  wet  and  muddy  condition. 

In  the  first  case  there  are  separate  rock,  slate,  and  culm 
banks,  or  a  combination  of  rock,  slate,  and  culm;  or,  rock 
and  slate  bank,  with  a  separate  culm  bank;  or,  slate  and 
culm,  with  a  separate  rock  bank. 

In  the  second  case,  where  the  coal  is  wet  and  muddy  as  it 
comes  from  the  mine,  there  are  separate  rock,  slate,  and 
culm,  and  slush  banks;  or,  a  combination  of  rock,  slate, 
and  culm,  and  slush ;  or,  a  combination  of  slush,  slate,  and 
culm,  with  a  separate  rock  bank;  or,  a  combination  of  slate 
and  culm,  with  a  separate  rock  and  a  separate  slush  bank; 
or,  what  is  most  general,  a  combination  of  rock,  slate,  and 
culm,  and  a  separate  slush  bank. 

2780.  Previous  to  the  last  fifteen  or  eighteen  years,  the 
culm,  or  coal  dirt,  the  slate,  and  bony  coal  picked  from  the 
coal  in  the  breaker  and  the  slate  and  rock  coming  from 
the  mine  were  all  deposited  together  in  one  heap;  but  the 
possible  utilization  of  the  culm  or  fine  coal,  either  by  burn- 
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ing  in  fire-boxes  constructed  for  this  purpose  or  by  manu- 
facturing into  artificial  fuel,  has  given  to  the  culm  as  it  lies 
in  the  banks  a  certain  prospective  value,  and,  to  enhance 
this  value  and  reduce  the  future  cost  of  utilizing  this  refuse, 
two  or  three  distinct  kinds  of  refuse  heaps  are  now  common. 
These  old  culm  banks  that  are  separated  from  the  rock 
and  slate  banks,  and  which  were  deposited  years  ago  when 
everything  below  the  size  of  stove  coal  was  called  culm,  are 
being  used  at  the  present  day  to  operate  what  are  termed 
coal  ^wastierleti* 

2781.  In  the  first  case  referred  to  above,  the  coal  dur- 
ing the  separating  and  sizing  in  the  breaker  is  kept  dry. 

The  fine  coal  known  as  culm,  coal  dirt,  waste,  etc.,  that 
passes  through  the  rice-screen  mesh  (or,  when  no  rice  coal  is 
made,  through  the  buckwheat-screen  mesh,  or  when  no 
buckwheat  is  made,  through  the  pea-screen  mesh),  together 
with  all  the  fine  stuff  made  from  the  bars  that  are  located 
directly  under  the  main  screens,  is  collected  in  a  pocket  or 
separate  pockets  and  deposited  in  a  heap  known  as  the  culm 
bank  or  dirt  bank. 

The  rock  and  slate  coming  from  the  mine  are  carried 
directly  to  a  heap  known  as  the  rock  bank. 

The  slate  picked  from  the  coal  in  the  breaker,  after  being 
collected  in  pockets  in  the  breaker,  is  dumped  on  the  slate 
bank,  or,  as  stated  before,  is  dumped  with  the  rock  or  dirt. 

The  bony  coal  is  sometimes  collected  in  a  pocket  and 
dumped  on  the  same  bank  as  the  slate,  but  generally  it  is 
crushed  in  an  extra  set  of  rolls  called  the  bony-coal  rolls, 
and  made  into  the  smaller  sizes  of  coal. 

2782.  In  the  second  case,  the  separating  and  sizing  are 
performed  by  means  of  water.  The  coal  is  washed,  and  the 
culm  coming  from  the  rice-screen  mesh,  or  buckwheat- 
screen  mesh,  or  pea-screen  mesh,  as  the  case  may  be,  is  car- 
ried off  by  the  water  through  troughs,  and  is  deposited  over 
an  area  known  as  the  slusli  bank. 

After  the  water  leaves  the  trough,  the  heavier  particles  are 
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deposited  first,  and  during  the  cuntinuance  of  its  flow  it 
holds  nothing  but  the  finest  sediment  in  suspension. 

In  order  to  take  out  as  much  sediment  as  possible  before 
the  water  reaches  the  streams  that  drain  the  region,  very 
cheap  dams  are  constructed,  called  brush  damti.  These 
dams  are  made,  as  shown  in  Fig.  DflO,  by  piling  logs,  brush, 
etc.,  together  and  throwing  earth  back  of  them. 

A  number  of  troughs  are  used  for  overflows.  The  watsr 
accumulates  in  the  dams,  the  sediment  is  deposited,  and  the 
water  passes   off   comparatively  free  from   sediment.      At 


some  collieries  no  attention  is  paid  to  the  removal  of  the 
sediment  from  the  water;  consequently,  the  streams  are 
quickly  clogged  up,  and  a  thick  deposit  covers  the  lower  por- 
tions of  the  valley,  giving  rise  to  suits  for  damages. 

As  in  the  first  case,  the  rock  and  slate  that  come  from  the 
mine  are  carried  directly  to  a  heap  known  as  the  rock  bank. 

The  slate  from  the  breaker  and  the  fine  culm  that  drops 
through  the  bars  located  directly  under  the  main  screens 
are  conveyed   to  a  pocket  or  pockets  and  dumped  on  the 


slate  bank;  or,  as  before  stated,  the  rock,  slate,  and  culm 
are  deposited  on  the  same  bank. 
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Fig.  1000  shows  another  arrangement  of  a  slush  bank,  and 
how  it  is  arranged  to  keep  the  deposit  from  getting  into  the 
stream.  The  slush  as  it  comes  from  the  trough  is  allowed 
to  spread  over  a  large  area.  Men  are  kept  at  work  banking 
the  deposit,  as  shown  at  A.  Thp  water  either  soaks  through 
or  is  led  off  on  the  side  of  the  deposit. 

2783>  At  some  collieries,  where  water  is  used  in  the 
breaker,  there  is  not  sufficient  area  on  the  surface  for  the 
slush  banks  already  described.  If  no  deposit  is  to  reach  any 
of  the  near-by  streams,  a  machine  is  used,  the  end  view  of 
which  is  shown  in  Fig.  1001.     It  is  simply  a  large  tank,  into 


which  the  water  containing  the  culm  is  run  as  it  comes  from 
the  breaker. 

The  tank  is  fitted  with  two  bottoms,  a  and  a';  a  is  termed 
the  false  bottom.  It  also  has  two  sides,  d  and  />'.  c,  c',  and 
r'  is  a  line  of  drags,  which  are  from  3  to  4  feet  wide.  In 
one  tank  there  are  from  four  to  six  of  these  drags,  all  working 
by  means  of  shaft  i;  (/  is  a  pocket  into  which  the  culm  is 
deposited  as  it  is  taken  by  the  drags  from  the  settling  tank. 
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The  operation  of  this  may  bfe  explained  thus:  The  water, 
as  it  comes  from  the  breaker  through  the  trough  ^,  is  de- 
flected at  intermediate  points  into  the  tank.  The  water  in 
the  tank  is  but  very  h'ttle  agitated  by  the  drags,  which  are 
kept  going  continually  in  the  direction  of  the  arrows.  The 
agitation  is  but  slight,  because  of  the  false  bottom  in  the 
tank.  The  particles,  as  they  settle,  drop  into  the  drag  line 
at /and  are  conveyed  to  a"^  where  they  drop  into  the  pocket 
d,  from  which  they  are  loaded  into  a  dumper  g  and  con- 
veyed to  the  culm  bank.  The  idea  of  extending  the  bottom 
a'  to  a'  is  to  drain  off  the  water,  so  that  it  will  not  be  car- 
ried into  the  pocket  d.  The  water,  as  it  leaves  the  tank 
through  the  overflow  //,  still  contains  the  finest  sediment. 
To  remove  this  sediment  from  the  water  before  allowing  it 
to  run  into  the  streams,  it  is  conveyed  to  large  settling 
tanks,  where  it  is  allowed  to  settle.  The  very  finest  parti- 
cles settle  to  the  bottom,  after  which  the  water  passes  out 
through  the  overflow. 

2784.  Various  methods  are  in  use  for  conveying  the 
culm  and  waste  from  the  breaker  to  the  culm  and  waste 
banks. 

At  slope  collieries,  opened  on  the  edge  of  the  basin,  the 
ground  generally  falls  away  rapidly  enough  to  gain  ample 
dumping  space  within  a  short  distance.  In  such  cases  the 
culm  is  collected  in  pockets  located  in  the  lower  part  of  the 
breaker.  Tracks  are  laid  along  the  side-hill  for  a  short  dis- 
tance from  the  breaker  to  a  point  where  the  dump  is  com- 
menced. In  almost  every  case,  in  such  a  location,  it  is 
found  necessary  to  erect  a  short  trestle  to  cross  the  empty 
and  loaded  railroad-tracks  leading  to  the  breaker. 

By  examining  Fig.  986,  it  can  be  seen  that  in  this  loca- 
tion the  ground  falls  away  very  rapidly,  and  a  short  trestle 
c'  is  erected  over  the  railroad-tracks. 

At  shaft  collieries,  and  at  slope  openings  on  comparatively 
low  ground,  dumping  height  is  obtained  either  by  an  inclined 
plane,  usually  known  as  a  dirt  plane,  by  erecting  a  system 
of  conveyors,  as  shown  in  Fig.  1002,  or  by  erecting  a  tower 
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in  connection  with  the  breaker.  In  this  last  case  the  culm, 
or  waste,  is  elevated  to  a  considerable  height  and  emptied 
into  a  large  pocket  that  will  hold  from  18  to  20  tons.  A 
trestle  is  built  in  connection  with  the  tower,  so  as  to  make 
the  culm  pile  some  distance  from  the  breaker. 

In  Fig.  1002  the  conveyor  shown  is  built  to  a  considerable 
height,  and  discharges  its  product  directly  upon  the  heap. 
This  system  of  conveyors  is  driven  by  the  gearing  at  a. 
The  waste  is  fed  into  the  conveyor  by  a  chute  b  coming 
from  the  breaker.  The  culm,  or  waste,  as  it  comes  out  at 
the  top,  passes  down  the  chute  c  and  is  ** spread  out"  by 
the  circular  sheet  iron  d.  In  time  it  becomes  blocked  up, 
directly  in  front  of  the  chute  c.  The  culm  is  then  led  off 
on  the  sides  of  the  heap  by  the  circular  sheet  of  iron 
shown  at  d. 

At  many  of  the  collieries  the  line  of  conveyors,  instead  of 
discharging  their  product  directly  upon  the  heap,  as  just 
shown,  discharge  their  product  into  a  pocket,  from  which  it 
is  loaded  into  dump-cars  and  conveyed  to  the  dump  either 
by  mules  or  by  a  small  locomotive. 

2785.  At  several  of  the  collieries  in  the  anthracite 
region  where  the  above  method  is  in  use,  the  chute  leading 
from  the  conveyor  to  the  waste  pocket  has  a  set  of  bars 
which  takes  out  all  the  fine  stuff,  and  only  the  very  coarse 
material  reaches  the  pocket.  The  fine  stuff  that  passes 
between  the  bars  is  conveyed  by  a  chute  to  a  bore-hole, 
through  which  it  is  washed  into  the  mine,  where  it  fills  up 
the  old  workings  and  acts  as  an  aid  to  the  pillars  that  are 
left  intact  to  support  the  surface. 

At  many  of  the  collieries,  especially  where  there  are  fiat 
workings,  large  pieces  of  rock  are  never  brought  to  the 
surface,  but  are  stowed  away  in  the  abandoned  workings 
underground.  When  this  is  done  there  are  no  rock  banks 
on  the  surface,  which  gives  an  additional  area  that  is  fre- 
quently very  desirable. 

2786.  Another  system  of  removing  culm  from  the 
breaker  has  of  late  years  come  into  use  where  but  very 
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little  or  no  water  is  used  in  the  preparation  of  the  coal. 
This  system  is  known  as  the  culm  blower.  The  arrange- 
ment is  exceedingly  simple  and  is  a  convenient  one. 

The  waste  is  all  collected  in  a  pocket  at  the  bottom  of  the 
breaker,  and  is  fed  through  a  hopper  ./4,  as  shown  in  Fig. 


1003,  into  a  cast-iron  casing  B  containing  a  worm  C.     This 
worm  C  feeds  the  waste  into  a  chamber  /?,  where  it  is  met 


by  a  blast  of  air  from  the  pipe  E  and  carried  through  the 
column  Fto  the  culm  heap,  as  shown  in  Fig.  1004. 

2787.     The  pipe  E  is  connected  with  an  improved  posi- 
tive-pressure blower,  whose  inside  arrangement  is  shown  in 
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Fijj.  1005.  It  consists  of  the  two  rotating  bodies,  or  pistons, 
a  and  h  keyed  to  parallel  shafts  c  and  <i,  which  rotate  io  op- 
posite directions  with  equal  velocity.  The  form  of  the 
pistons  is  such  that  they  touch  each  other  like  toothed 
whet-ls,  and  are  enclosed  in  the  casing  c,  which  fits  them  as 
closely  as  practicable.  From  this  figure,  it  is  readily  seen 
how  the  air  between  the  pistons  and  casing  is  forced  through 
the  opening y^  into  the  air-pipe  E,  shown  in  Fig.  1003,  while 
fresh  air  continually  enters  the  casing  through  the  suction 
opening  g.  In  this  machine  each  piston  forces  the  air  out 
of  the  space  V  twice  during  every  rcvohiti<m,  so  that  the 
theoretical  discharge  per  minute  is  (^  =  4  «  V,  where  «  rep- 
resents the  number  of  revolutions  per  minute  of  the  machine. 


that  is,  of  each  of  the  two  pistons.  The  piston  shafts  are 
drivenby  the  belt-pulley /I,  and  the  cog  gearing  in  the  cases  5 
and  C  cause  the  motion  of  one  piston  shaft  to  be  transmitted 
to  the  other.  These  blowers  are  usually  run  at  a  speed  of 
200  to  'X^U  revolutions  per  minute;  in  consequence  of  these 
high  velocities,  they  are  subjected  to  considerable  vibration 
and  work  with  a  great  deal  of  noise,  to  overcome  which  the 
cog  gearing  is  run  in  oil,  which  is  contained  in  the  casings. 
There  is  very  little  friction  in  the  column  F,  Fig.  1004, 
and,  consequently,  comparatively  no  wear  in  the  pipes,  for 
the  waste  flows  through  the  center  of  the  orifice  with  a 
cushion  of  air  all  around  it.  The  culm  can  be  deposited  at 
any  place,  simply  by  turning  the  mouth  of  the  pipe  in  the 
direction  in  which  the  culm  is  to  be  deposited. 
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2788«  The  use  of  this  blowing  arrangement  does  away 
with  the  mules  and  small  locomotives  that  are  employed  in 
all  the  other  methods  described,  with  the  exception  of  the 
slush  bank  and  the  method  of  conveyors,  as  shown  in  Fig. 
1002.  At  some  collieries,  where  an  inclined  plane  is  used 
to  do  away  with  a  number  of  mules  or  a  locomotive,  the 
dump-cars  are  hoisted  up  the  plane,  from  which  there  is  a 
descending  grade  to  the  dump. 

To  return  the  empty  dump-cars  to  be  loaded,  a  mule  is 
used  to  pull  them  a  short  distance  to  a  graded  track  cut  in 
the  side  of  the  bank,  leading  to  the  foot  of  the  plane  or  place 
where  the  dump-cars  are  to  be  reloaded. 

2789*  In  locating  a  dirt  plane,  two  cases  have  to  be 
considered : 

1.  Whether  it  is  better  to  use  a  gunboat,  which  is  simply 
a  large  car  that  will  contain  two  or  three  times  the  quantity 
that  an  ordinary  dump-car  contains;  or, 

2.  Whether  it  is  better  to  employ  dump-cars  on  the  plane 
where  they  are  landed,  either  by  using  a  barney  or  a  chain 
with  a  hook  or  clevis  attached. 

Where  a  gunboat  is  used,  a  large  pocket  is  built  at  the 
head  of  the  plane,  into  which  the  gunboat  empties.  The 
gunboat  is  never  detached  from  its  rope  upon  arriving  at 
the  head  of  the  plane. 

2790.  When  the  culm  is  handled  as  shown  in  Fig.  1006, 
which  is  a  plan  and  elevation  of  a  single  dirt  plane,  a  barney 
M  is  used.  A  barney  is  simply  a  small  truck  very  solidly 
built,  used  to  push  the  mine-car  up  an  inclined  plane  or 
slope.  In  this  case  it  pushes  the  dump-car  yl  up  the  inclined 
plane  P, 

At  the  foot  of  this  plane  /*  is  a  small  opening  N^  known  as 
the  barney  pit,  into  which  the  barney  M  runs  to  allow  the 
dump-car  A  to  run  over  it  in  passing  to  the  culm  or  waste 
pocket,  the  pocket  for  the  culm  being  located  at  some  dis- 
tance from  the  foot  of  the  plane. 

This  figure  shows  the  arrangement  and  location  of  the 
sheave  wheels  at  the  head  of  the  plane  which  lead  the  rope 
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to  and  from  the  hauliage  engine  that  is  located  at  some  dis- 
tance from  the  culm  heap,  as  shown. 

The  dump-car  A^  in  coming  down  the  inclined  plane  P^ 
acquires  enough  momentum  to  carry  it  (after  the  barney  M 
enters  the  barney  pit  A^)  up  a  slightly  ascending  grade  on 
the  empty  track  leading  to  the  pocket,  where  it  is  again 
loaded  with  culm  or  waste.  In  returning,  it  comes  in  con- 
tact with  a  spring  switch  that  transfers  it  to  the  loaded 
track,  which  is  on  a  descending  grade  to  the  foot  of  plane  P. 
On  the  arrival  of  the  dump-car  at  the  foot  of  the  plane,  the 
barney  comes  out  of  the  pit  and  pushes  the  dump-car  up  the 
plane.  The  dump-car,  being  free  from  the  hoisting  rope,  is 
landed  very  nicely  and  allowed  to  run  to  the  loaded  turnout, 
from  which  it  is  conveyed  to  the  dump  either  by  mules  or  a 
small  locomotive. 

2791  •  On  a  plane  where  the  dump-cars  are  hoisted  by 
using  either  a  hook  or  clevis  attachment  for  fastening  the 
rope  to  it,  the  chain  at  the  foot  of  the  plane  either  remains 
attached  to  or  is  detached  from  the  dump-car. 

In  case  of  either  gunboat  or  dump-car,  the  foot  of  the 
plane  should,  if  possible,  be  so  arranged  that  the  gunboat  or 
dump-car  can  be  run  directly  to  the  pocket  for  loading, 
without  detaching. 

The  plane  should  also  be  so  located,  if  possible,  as  not  to 
face  the  main  structure  or  any  other  important  building 
that  might  be  injured  by  the  gunboat  or  dump-car  breaking 
loose  from  the  rope. 

The  engine  for  a  dirt  plane  is  sometimes  located  on  the 
waste  heap  directly  under  the  head  of  the  plane,  the  bed- 
plate of  the  engine  being  set  upon  a  timber  frame  resting 
upon  a  timber  cribbing.  This  is  very  poor  practice,  for  in 
many  cases  the  bank  on  which  the  engine  is  located  takes 
fire,  causing  a  continual  settling  of  the  crib,  and  making  it 
impossible  to  keep  the  engine  in  proper  running  order. 

It  is  always  better  for  the  engine  to  have  some  such 
position  as  shown  in  the  figure,  where  it  can  have  a  good 
solid  foundation,  even  if  it  does  require  an  extra  length  of 
rope  and  some  extra  sheave  wheels. 
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2702*  The  waste  heaps  often  become  of  such  dimen- 
sions as  to  encroach  upon  the  immediate  surroundings, 
making  a  very  perplexing  problem  to  overcome. 

When  the  site  is  first  selected  for  the  waste,  it  should  be 
in  a  location  that  will  not  interfere  with  the  enlargement  of 
the  colliery  plant,  in  so  far  as  the  erection  of  buildings  is 
concerned;  hence,  buildings  connected  with  a  colliery  should 
not  be  located  so  as  to  interfere  with  the  growth  of  the 
waste  banks. 

At  many  collieries  there  is  an  ideal  location  for  waste 
heaps,  but  at  the  same  time  this  location  may  contain  the 
outcrops  of  all  the  workable  seams.  It  is  better  to  sacrifice 
such  a  location  and  adopt  a  more  expensive  one  for  the 
waste  heaps  than  to  run  the  risk  of  destroying  the  whole 
mine  by  fire  from  the  culm  pile. 

The  advisability  of  having  separate  waste  heaps  presents 
itself  in  case  of  long  suspensions  of  work,  for  the  culm  can 
then  be  conveyed  directly  to  the  boiler  house  from  the  culm 
bank  without  any  previous  preparation. 


TRACKS. 

2793.  Railroad-Tracks. — One  of  the  important  mat- 
ters that  must  receive  attention  at  a  colliery  plant  is  the 
location  of  the  empty  and  loaded  turnouts  for  the  cars  that 
are  used  to  ship  the  coal  to  market.  This  is  often  a  very 
serious  matter  where  the  topography  of  the  surface  is  such 
that,  unless  large  sums  of  money  are  expended  in  excavating, 
very  little  room  for  tracks  is  obtainable 

Such  a  case  is  shown  in  Fig.  980,  where  the  topography 
rendered  it  necessary  to  make  a  very  extensive  cut  between 
the  breaker  and  the  main-slope  hoisting-engine,  in  order  to 
get  the  main  line  connected  with  the  empty  turnouts. 

The  tracks  should  be  so  arranged  that  very  little  shifting 
is  necessary. 

Assuming  that  the  tracks  are  kept  in  a  good  condition, 
the  grades  should  be  such  that  a  car  will  move  readily  by 
gravity  as  soon  as  the  brake  has  been  loosened,  without  the 
aid  of  barring. 
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To  accomplish  this,  the  empty  track  should  have  a  grade 
of  at  least  2  feet  in  100  feet,  lessening  to  a  grade  of  1.5  feet 
at  the  entrance  to  the  breaker. 

The  grade  for  the  loaded  tracks  can  be  somewhat  less; 
1.25  feet  in  100  feet  is  sufficient  to  run  loaded  cars  over. 

In  every  case  the  railroad  facilities  should  be  such  that 
the  receipt  of  the  empty  cars  and  the  despatch  of  the  loaded 
cars  can  be  accomplished  with  the  least  possible  difficulty. 

2794.  Mine-Car  Tracks. — The  general  construction 
of  mine-car  tracks  for  the  surface  arrangement  of  mines 
does  not  differ  to  any  marked  extent  from  that  of  a  large 
railroad,  except  that  less  attention  is  paid  to  the  detail  worJc ; 
besides,  the  parts  that  go  to  make  up  the  track  are  of  very 
much  lighter  material. 

In  the  antjiracite  region  there  is  no  standard  gauge  for 
the  mine-car  tracks.  The  gauges  most  commonly  in  use 
are  2  feet  6  inches,  2  feet  9  inches,  3  feet,  3  feet  6  inches, 
3  feet  9  inches,  and  4  feet.  Intermediate  gauges  have  also 
been  used. 

The  grades  of  the  tracks  for  the  empty  and  loaded  cars  to 
run  upon  by  gravity  depend,  in  many  cases,  upon  the  mine- 
car,  for  there  are  some  very  easy  and  some  very  hard  run- 
ning cars.  For  an  easy-running  car  to  run  by  gravity,  the 
empty  track  should  vary  in  grade  from  2  to  1.25  feet  in  100 
feet,  and  for  loaded  cars  the  loaded  track  should  vary  in 
grade  from  1.25  feet  to  0.75  foot  in  100  feet. 

The  radii  for  the  curves  should  be  as  large  as  possible, 
and  never  less  than  25  feet. 

The  frogs  used  in  connection  with  the  track  are  usually 
made  from  rails.  The  tongue  of  the  frog  is  made  of  two 
short  pieces  of  rail,  cut  and  riveted  together  so  as  to  form 
the  required  frog  angle.  The  wing-rails  are  a  part  of  the 
switch  rails  leading  away  from  the  frog,  but  are  bent  to  suit 
the  frog  angle  by  means  of  a  rail-bending  machine. 

To  avoid  putting  in  a  frog,  a  cross  latch  can  be  used. 
This  is  a  short  piece  of  rail  with  an  eye  in  one  end,  so 
arranged  that  when  it  is  put  in  place   it  can  be  thrown 
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acn^ss  the  one  rail  of  the  track  that  the  car  is  to  be  put  on 
or  taken  off. 

The  switches  in  many  cases  are  the  ordinary  movable  rail 
switch,  but  the  one  most  commonly  used  is  known  as  the 
latch,  or  tooffue,  switch. 

The  latches  are  wedge-shaped  bars  of  iron  with  an  eye  in 
the  thick  end.  The  point  and  eye  end  of  the  tongue  are  set 
on  small  iron  plates  which  are  fastened  to  the  cross-ties. 

The  latches  are  sometimes  connected  by  a  rod,  so  that  they 
can  be  opened  or  closed  at  the  same  time.  This  switch  in 
many  cases  is  made  self-closing,  or  automatic,  by  attaching 
the  latches  by  a  bar  or  lever  to  a  metallic  spring,  an  elastic 
stick  of  wood,  or  to  a  counterweight. 

The  cross-ties  used  vary  in  dimensions  according  to  the 
gauge  and  the  amount  of  traffic.  Where  a  small  locomotive 
runs  over  the  track,  the  road  is  laid  with  good  wide  cross- 
ties.  Ordinarily,  hewed  ties  from  4  to  6  inches  thick  and 
from  5  to  8  or  9  inches  wide  are  used. 

The  rails  used  are  the  regular  T  rails,  varying  in  weight 
from  20  pounds  to  50  pounds  per  yard. 

The  fish-plates  are  often  the  same  as  those  used  on  a  regu- 
lar steam  road,  but  in  many  cases  they  are  made  by  the 
colliery  blacksmith  from  old  scrap  iron  that  is  gathered 
about  the  mine. 

W  ATER-SU  PPL  Y. 

2795.  The  establishment  of  an  adequate  water-supply 
is  often  a  difficult  matter  at  anthracite  collieries,  and  one 
that  entails  a  great  deal  of  expense.  The  water-supply  at 
many  of  the  collieries  is  obtained  by  damming  up  the  small 
mountain  streams.  When  this  is  done,  the  dam  is  usually 
above  the  level  of  the  colliery,  to  obtain  a  sufficient  head 
for  forcing  the  water  through  the  pipes  to  the  different 
places  where  water  is  required  about  the  plant;  but  in  dis- 
tricts depending  upon  small  mountain  streams  there  is 
always  a  scarcity  of  water  in  dry  seasons,  and  so^netimes 
during  very  cold  weather. 

The  larger  streams  that  drain  the  coal  fields  are  usually 
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so  contaminated  with  the  water  that  is  pumped  from  the 
mines  and  with  that  coming  from  the  coal  washings  that  it 
is  absolutely  useless  for  steam  purposes. 

When  these  streams  are  fit  for  use  dams  are  constructed, 
which,  however,  are  generally  on  the  same  level  or  below 
the  level  of  the  colliery  plant,  so  that  a  pump  is  needed  to 
raise  the  water  to  the  required  height.  At  some  of  the  col- 
lieries the  water  is  obtained  from  a  large  stream  located 
outside  of  the  coal-producing  area;  at  others  it  is  obtained 
by  sinking  artesian  wells.  Of  late  years,  many  of  the  col- 
lieries purchase  their  water  from  some  established  water 
company,  which  in  many  cases  pipe  it  a  very  long  distance. 
As  a  last  resort,  the  mine  water  is  purified.  The  amount 
of  sulphuric  acid  in  mine  water  varies  considerably.  At 
some  mines  it  has  been  known  to  reach  100  and  even  200 
grains  per  gallon  of  water.  Such  water  will  destroy  iron 
with  alarming  rapidity,  and  must  not  be  used  in  boilers 
under  any  circumstances.  Water  containing  only  two  or 
three  grains  to  the  gallon  has  been  known  to  ruin  boilers  in 
a  few  months. 

2796.  Where  the  water  is  purified,  it  is  found  that 
lime  is  the  cheapest  and  best  alkali  to  use,  because  the  sul- 
phate formed  is  least  soluble.  Soda  or  potash  will  serve  the 
same  purpose  as  lime,  but  the  sulphates  formed  are  entirely 
soluble  in  water  and  produce  large  deposits  on  evaporation. 
The  sulphate  of  lime  is  also  soluble,  but  to  a  very  slight 
extent,  1  part  of  sulphate  of  lime  being  soluble  in  400  parts 
of  water.  The  reaction  which  takes  place  when  lime  is 
added  to  mine  water  can  be  expressed  by  the  formula : 

Sulphate  of  Lime, 
Sulphuric  Acid.       Burnt  Lime.       Precipitated.  Water. 

H^SO^      +       CaO      =^      CaSO,     +     H^O. 

The  process  may  be  described  as  follows :  The  mine  water 
is  pumped  into  a  tank  or  a  series  of  tanks,  and  lime,  slacked 
and  reduced  to  a  creamy  consistency  with  water,  is  added, 
the  amount  varying  from  :J^  of  a  peck  to  ^  of  a  bushel  of  lime 
for  every  4,000  gallons.     When  sufficient  lime  has  been  added, 
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the  contents  of  the  tank  are  stirred  until  thoroughly  mixed, 
and  the  mixture  allowed  to  settle  until  perfectly  clear.  The 
time  required  for  settling  varies  from  ^  hour  to  5  hours, 
according  to  the  amount  and  the  nature  of  the  deposit. 
After  settling,  the  water  is  drawn  off  into  another  tank  or  a 
series  of  tanks,  from  which  it  is  pumped  or  injected  into 
the  boilers. 

The  deposit,  or  settling,  is  then  removed  from  the  tank, 
which  is  refilled  and  again  operated  upon. 

Care  should  be  taken  to  add  just'  sufficient  lime,  so  that 
the  water  will  have  no  effect  on  litmus  paper,  either  the  red 
or  the  blue.  If  insufficient  lime  has  been  added,  the  blue 
paper  will  turn  red,  and  if  too  much,  the  red  will  turn  blue. 
Litmus  paper  is  the  best  test  to  use  for  acid  or  alkali  in  this 
process. 

2797.  A  positive  test  for  detecting  sulphuric  acid  is  as 
follows:  Add  to  the  water  suspected  of  containing  sul- 
phuric acid  a  strong  solution  of  chloride  of  barium  {Ba  CI^) ; 
then,  if  any  acid  is  present,  it  will  be  precipitated  in  the 
shape  of  sulphate  of  barium,  a  white  powder;  but,  for  puri- 
fying mine  water  upon  a  large  scale,  blue  litmus  paper  is  a 
sufficiently  delicate  test  for  acid.  The  paper  is  put  into  the 
water  and  moved  around  for  half  a  minute.  If  the  color  of 
the  paper  doe's  not  change  to  red,  no  acid  is  present.  This 
is  not  a  positive  test  when  minute  quantities  of  acid  are 
present;  however,  when  such  water  is  evaporated  in  a 
boiler,  and  blue  litmus  paper  is  placed  at  the  open  gauge- 
cock,  it  will  turn  red. 

2798.  As  previously  stated,  the  quantity  of  lime  neces- 
sary to  be  added  is  gauged  with  litmus  paper,  the  change  of 
the  blue  paper  to  red  showing  that  too  little  lime  has  been 
used,  and  the  change  of  the  red  to  blue  showing  that  too 
much  has  been  employed.  It  is  in  carefully  guarding 
against  the  use  of  too  little  or  too  much  lime,  and  thus 
obtaining  water  for  use  in  the  boilers  as  nearly  pure  as  pos- 
sible, that  the  secret  of  success  lies.     It  is  better,  however, 
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that  too  much  rather  than  too  little  lime  should  be  used. 
If  there  is  not  sufficient  lime,  the  acid  will  eat  away  the 
iron,  which  can  not  be  replaced;  but  if  there  is  a  small 
excess  of  lime,  the  only  consequence  is  a  little  more  dirt  in 
the  boilers.  In  making  steam  from  water  purified  by  this 
process,  a  small  deposit  will  form  in  boilers,  which  will  re- 
quire them  to  be  cleaned  out  once  a  month.  If,  however, 
the  water  is  put  through  a  heater  before  entering  the  boilers, 
and  raised  to  a  temperature  of  from  280°  F.  to  320°  F., 
it  will  be  rendered  as  fresh  and  pure  as  rain-water,  and  will 
neither  eat  the  iron  nor  form  scale  or  mud. 


THE  PREPARATION   OF  COAL. 


INTRODUCTORY. 

2790.  Anthracite  coal,  as  it  comes  from  the  mines,  is 
not  marketable.  **The  run  of  the  mine  "  can  not,  as  in  the 
case  of  bituminous  coal,  be  sold.  As  it  comes  from  the 
mine,  the  coal  consists  of  (1)  fragments  of  all  sizes,  mixed 
with  more  or  less  slate  and  rock;  (2)  more  or  less  coal 
known  as  bony  coal  (slaty  or  argillaceous  coal),  and  (3) 
lumps  of  coal  with  layers  of  slate  adhering  to  one  or  both 
sides,  or  distributed  throughout  the  lump,  commonly  known 
at  the  mines  as  chippers* 

2800.  To  place  the  coal  upon  the  market  for  domestic 
and  manufacturing  purposes,  so  that  it  will  meet  the  ap- 
proval of  the  consumers,  it  is  necessary  to  subject  the  coal 
to  a  more  or  less  complicated  process  of  preparation,  which 
has  for  its  principal  objects: 

1.  The  removal  of  rock,  slate,  chippers,  bony  coal,  and 
other  impurities  which  are  present  in  the  coal  as  it  comes 
from  the  mine. 

2.  The  assortment  of  the  coal  into  grades  of  nearly  uni- 
form size. 

3.  As  there  is  a  larger  demand  for  coal  of  the  inter- 
mediate sizes  than  can  be  supplied  from  the  coal  as  mined, 
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it  is  necessary  to  break  up  some  (or  all)  of  the  large  lumps, 
so  as  to  increase  the  percentage  of  the  intermediate  sizes. 

All  these  objects  are  accomplished  by  the  process  of 
preparation  in  the  breaker,  which,  according  to  the  defini- 
tion already  given,  is  the  structure  containing  the  machinery 
used  for  the  preparation  of  coal. 

The  purpose,  then,  of  a  breaker  is  to  remove  the  impuri- 
ties as  completely  as  possible,  and  separate  into  the  different 
sizes  the  coal  that  is  to  be  put  upon  the  market.  This  can 
be  done  either  (1)  by  hand  labor  or  (2)  by  mechanical  means. 

2801.  In  the  first  case,  the  coal  is  passed  along  chutes, 
on  the  sides  of  which  men  and  boys  are  seated,  who  pick  out 
the  slate  and,  in  some  cases,  the  bony  coal  and  the  chippers. 
The  bony  coal  and  the  chippers  are  separated  only  from  the 
larger  sizes  of  coal,  varying  from  lump  coal  to  stove  coal, 
and  are  reprepared  by  breaking  into  sizes  below  stove  coal. 

In  bony  coal,  the  coal  and  slate  are  so  interstratified  as  to 
destroy  or  greatly  diminish  its  market  value;  while  in  the 
case  of  chippers,  the  coal  and  slate  are  so  arranged  as  to  give 
very  little  trouble  in  obtaining  marketable  sizes. 

The  chippers  from  the  larger  sizes  (lump  and  steamboat) 
are  prepared  by  what  is  termed  chipping.  Here  the  slate 
is  separated  from  the  coal  by  manual  labor  simply  by  using 
a  pick,  or  in  many  cases  by  using  a  specially  designed  tool 
called  the  pick  tiamtner.  Below  the  sizes  of  lump  and 
steamboat,  the  chippers  and  bony  coal  are  generally  prepared 
by  the  same  set  of  rolls,  known  as  the  bony-coal  rolls. 

2802.  In  the  second  case,  where  the  slate  is  separated 
from  the  coal  by  mechanical  means,  the  operation  will  de- 
pend upon  one  of  three  physical  characteristics  of  the  coal 
and  slate:  (1)  The  difference  in  their  specific  gravity;  (2) 
the  difference  of  the  forms  into  which  they  break,  and 
(3)  the  difference  of  their  angle  of  friction,  or,  in  other 
words,  the  difference  in  the  angle  of  a  chute,  lined  with 
stone  or  iron,  down  which  the  coal  or  slate  will  slide  with- 
out any  increase  of  velocity.  As  a  rule,  slate  will  not 
slide  down  a  chute  which  will  carry  coal. 
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The  first  of  these  refers  to  the  jigging  of  the  coal,  and 
this  operation  may  be  performed  by  using  either  a  wet  or  a 
^^y  ji&  T^^  ^^t  y^S  is  in  use  almost  exclusively  in  the 
anthracite  region,  and  will  be  described  later. 

The  second  characteristic  refers  to  the  difference  of  form 
into  which  they  break ;  coal  in  breaking  assumes  a  more  or 
less  rounded  form,  while  the  slate  is  broken  into  flat  pieces. 
By  running  these  two  different  forms  over  a  chute,  in  which 
bars  with  longitudinal  openings  are  placed,  most  of  the  flat 
pieces  of  slate  will  drop  out  through  the  small  openings  and 
the  coal  continue  to  the  pocket  or  place  of  storage. 

The  above  operation  is  also  performed  by  a  cylindrical 
screen,  known  in  the  breaker  as  the  slate-picker  screen. 

The  third  characteristic :  since  slate  will  not  slide  down 
certain  chutes  that  will  carry  coal,  small  openings  are  made 
in  the  bottom  of  the  chutes  at  intervals.  The  coal  glides 
over  these  openings,  while  the  slate,  which  moves  with  a 
different  velocity  than  the  coal,  in  coming  down  the  chutes 
at  a  higher  velocity  than  the  slate,  simply  dragging  slug- 
gishly along,  drops  through.  In  many  cases  sandstone 
slabs  are  used,  which  are  placed  in  front  of  the  openings  in 
the  bottom  of  the  chutes. 

2803*  The  method  of  preparation  of  coal  is  not  the 
same  throughout  the  anthracite  coal  fields  of  Pennsylvania. 
This  is  due  to  the  different  ways  in  which  the  coal-beds  are 
deposited. 

In  the  Wyoming  and  Lackawanna  regions  of  Pennsyl- 
vania the  coal  seams  lie  more  or  less  horizontallv,  and  the 
coal,  after  it  has  been  mined,  is  more  or  less  prepared  by 
the  miner  or  the  laborer  while  it  is  being  loaded  into  the 
mine-car. 

The  miner  or  his  laborer,  in  loading,  is  obliged  to  handle 
all  the  coal  by  hand ;  that  is,  he  throws  the  large  lumps  into 
the  mine-car  by  hand,  and  uses  a  shovel  to  get  the  smaller 
lumps  into  the  car.  While  doing  this,  the  larger  pieces  of 
rock  and  slate  are  thrown  to  one  side  to  be  stowed  away  in 
the  underground  openings  of  the  mine,  or  they  are  placed 
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upon  a  heap,  and  afterwards  loaded  into  a  car  to  be  hoisted 
to  the  surface  and  there  deposited  on  the  rock  dump. 

In  the  Lehigh  and  Schuylkill  regions,  where  the  beds  have 
a  more  or  less  steep  dip,  the  coal,  after  being  mined,  is  loaded 
into  the  mine-cars  from  a  chute  or  platform.  The  coal- 
beds  in  these  regions  are  frequently  wet,  as  compared  with 
the  coal-beds  of  the  Wyoming  region;  consequently,  the 
coal  as  loaded  into  the  mine-cars  consists  of  coal,  rock,  and 
slate,  the  whole  being  covered  with  a  black  muddy  mass  of 
fine  coal  and  dirt,  dripping  with  dirty  water,  and  looking  as 
it  comes  from  the  mine  like  anything  but  marketable  fuel. 

From  the  above,  it  can  be  readily  seen  that  different 
methods  of  preparation  must  be  used.  On  the  one  hand  the 
coal  is  prepared  dry,  on  the  other  it  is  prepared  wet.  The 
latter  means  that  the  coal  as  it  passes  through  the  different 
operations  of  preparation  is  treated  with  water  to  wash  off 
the  mud  that  adheres  to  the  coal. 

When  water  is  used  in  the  course  of  preparation,  the 
method  is  more  expensive  than  where  the  treatment  is  dry 
throughout ;  for  the  former  requires  extra  machinery,  and, 
since  the  water  used  is  in  many  cases  pumped  out  of  the 
mine,  the  acid  in  it  soon  destroys  the  machinery  and  other 
parts  with  which  it  comes  in  cohtact. 


THE  ANTHRACITE  COAL-BREAKER. 

2804.  The  evolution  of  the  anthracite  coal-breaker 
forms  an  extremely  interesting  chapter  in  the  history  of  the 
Pennsylvania  coal  trade. 

In  the  early  history  of  the  coal  trade,  the  coal  was  shipped 
to  market  as  it  came  from  the  mine,  the  consumer  breaking 
it  up  with  hammers  and  screening  it  himself;  but  the  loss  of 
the  fine  coal,  which  was  practically  useless,  since  it  could 
not  be  burned  in  an  ordinary  grate  nor  in  any  appliance 
suited  to  the  combustion  of  coarse  coal,  was  so  heavy,  and 
the  trouble,  annoyance,  and  cost  of  breaking  up  the  coal  by 
hand  became  so  great,  that  it  led  to  the  introduction  of 
machinery  to  break  and  screen  the  coal  •  and  classify  it 
according  to  size. 
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Innumerable  devices  have  been  experimented  with  for 
breaking  the  coal,  commencing  with  the  hammer,  passing 
through  various  types  of  toothed  plates,  to  rolls  with  teeth, 
and  corrugations  of  various  forms. 

2805«  As  the  machinery  has  been  improved  the  waste 
in  preparation  has  been  diminished,  not  only  by  better  and 
more  careful  handling,  but  also  by  utilizing  a  larger  propor- 
tion of  the  coal.  It  is  not  very  long  since  chestnut  was  the 
smallest  size  of  salable  coal,  while  everything  below  that 
size  went  to  the  culm  pile.  The  introduction  of  improved 
forms  of  grates  and  furnaces  has  added  to  the  market  list 
the  following  additional  sizes:  pca^  buckwheat^  and  rice^ 
which  find  extensive  use  in  the  production  of  steam,  thus 
enforcing  economy  both  in  production  and  consumption. 

2806.  Anthracite  breakers,  in  some  cases,  occupy  as 
much  as  23,000  square  feet  of  surface,  and  vary  in  height 
from  60  to  145  feet,  according  to  the  method  in  use  for  the 
preparation  of  the  coal.  It  is  always  desirable  to  handle  the 
coal  by  gravity,  allowing  it  to  slide  down  chutes  from  each 
set  of  bars  (or  rolls)  or  screens,  until  it  reaches  the  pockets. 
Hence,  it  is  always  better  to  have  the  necessary  height, 
instead  of  elevating  the  coal  a  second  or  a  third  time  by  a 
system  of  elevators. 

In  capacity,  anthracite  breakers  range  as  high  as  4,000 
tons  per  day.  By  this  is  meant  the  coal  loaded  into  railroad- 
cars  after  it  has  been  prepared  in  the  breaker. 

The  capacity  in  every  case  depends  upon  the  screening 
surface  and  the  rapidity  with  which  the  coal  can  be  run 
through  the  breaker;  for  it  is  generally  found  in  practice 
that  the  rolls  are  capable  of  crushing  more  coal  than  the 
screens  can  handle. 

2807.  The  general  plan  of  a  breaker  structure  is  in  the 
form  of  a  wooden  trestle,  although  of  late  years  iron  break- 
ers have  been  introduced.  Where  iron  is  used,  the  breaker 
is  a  pin-connected  structure,  the  posts  being  of  cast  iron, 
the  struts  generally  of  cast  iron,  and  the  rods  of  wrought 
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cage  is  made  up  of  two  parts,  a  and  b^  united  by  the  hinge  c. 
The  part,  or  platform,  d  which  carries  the  car  is  fastened 
to  the  part  a  by  the  support  e^  and  is  further  secured  by  the 
braces  f.  To  the  part  b  the  rope  is  securely  attached.  To 
the  part  a  is  attached  a  small  wheel  g  which  runs  along  the 
rail  h.  This  wheel  g  keeps  the  parts  a  and  b  of  the  cage 
closed  when  the  cage  is  in  a  vertical  position,  as  shown  at 
the  foot  of  the  hoist.  At  the  top  of  the  hoist  the  rail  // 
is  bent,  as  shown,  and  as  the  wheel  g  follows  the  rail  //  up 
the  hoist,  at  the  point  i  it  is  made  to  follow  the  rail  h  by 
means  of  the  guard  or  deflection  raily.  As  the  wheel  g  fol- 
lows the  curve  of  the  rail  //,  the  parts  a  and  b  become 
separated,  and  in  so  doing  the  self-dumping  part  of  the  cage 
comes  into  play.  The  part  b  of  the  cage  is  kept  in  a  verti- 
cal position  by  means  of  shoes  which  act  on  the  cage-guides  k, 

2800.  The  plan  shows  the  arrangement  of  the  tracks 
and  guides.  The  car  as  it  comes  from  the  mine  runs  on  the 
cage,  as  shown,  from  track  /.  As  soon  as  the  cage  is  raised 
from  its  position  in  the  pit,  the  wheels  of  the  car  drop  into 
the  opening  m  made  by  the  rails  n  shown  in  plan;  this 
fastens  the  car  to  the  cage,  so  that  there  is  no  danger  of  it 
leaving  the  cage  when  it  is  being  dumped. 

The  car,  while  being  dumped,  can  be  given  different 
angles  of  inclination,  simply  by  notifying  the  engineer  in 
charge  of  the  hoisting-engine  to  raise  or  lower  the  part  b. 
As  b  is  raised  or  lowered,  the  part  a^  by  means  of  the  wheel 
g^  assumes  different  positions. 

The  vertical  hoist  varies  in  height  from  50  to  145  feet, 
according  to  the  height  of  the  breaker,  and  can  also  be  used 
when  the  main  opening  is  a  slope,  drift,  or  tunnel. 

In  the  operation  of  dumping,  only  one  man  or  boy  is  re- 
quired. He  attends  to  the  opening  of  the  latches  on  the 
car,  also  to  taking  off  the  tickets  which  are  used  to  desig- 
nate by  whom  the  coal  was  mined. 

281 0.  A  plan  of  one  of  the  many  different  methods  of 
transferring  the  cars  from  the  shaft  opening  to  the  vertical 
hoist  is  shown  in  Fig.  1008.     The  coal  that  is  handled  by  the 
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breaker  A  is  elevated  to  the  top  of  .the  breaker  through 
the  vertical  hoist  B.  The  coal  handled  is  mined  through  the 
two  shafts  C  and  D.  The  loaded  tracks  E  and  F  leading 
away  from  these  shafts  are  on  a  descending  grade  from 
the   shaft   mouth   to  the   foot  of  the  vertical   hoist.     The 


Fig.  1006. 

loaded  track  E  has  a  descending  grade  of  Ifji^,  while  the 
loaded  track  /^has  a  descending  grade  of  1-^^. 

The  empty  cars,  after  leaving  the  vertical  hoist,  are  run  to 
the  foot  of  the  inclined  chain  hoist  M  N  \  2i\.  the  top  of  this 
chain  hoist  are  the  two  empty  tracks  G  and  H  leading  back 
to  the  mouths  of  the  shafts  C  and  D.  Both  the  empty 
tracks  are  on  a  descending  grade  of  If^  from  the  top  N  oi 
the  chain  hoist  to  the  mouths  of  the  shafts  C  and  D, 

In  this  plan,  /  is  the  engine-house  containing  the  winding- 
engine  for  shaft  C,  while  /  is  the  engine-house  containing 
the  winding-engine  for  shaft  D.  The  location  of  the  boilers 
that  are  used  to  furnish  steam  for  these  engines  is  shown  at 
Ky  while  L  shows  the  location  of  the  ventilating  fan. 

2811.  Another  method  of  getting  the  coal  to  the  top 
of  the  breaker  from  a  shaft  opening  is  shown  in  Fig.  1009, 
where  an  iron  or  steel  chute  is  built  in  connection  with  an 
iron  or  steel  head-frame.     The  hoistways  in  connection  with 
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this  head-frame  are  fitted  with  self-dumping  cages,  the  car 
never  leaving  the  cage  while  it  is  being  dumped.  The  coal 
is  then  elevated  direct  from  the  underground  workings 
through  the  shaft  opening  and  dumped  into  the  chute  which 
conveys  the  coal  to  the  top  of  the  breaker. 

In  order  to  comply  with  the  Anthracite  Mine  Law,  the 
breaker  is  located  at  a  distance  of  200  feet  from  the  shaft 
opening,  as  shown.  The  height  of  the  breaker,  together 
with  the  extra  height  that  must  be  allowed  for  the  inclina- 
tion of  the  chute  in  a  distance  of  200  feet  and  over,  neces- 
sitates the  building  of  a  very  high  head-frame. 

In  Fig.  1000  the  head-frame  is  52  feet  square  at  the  base 
and  187  feet  high  to  the  summit.  At  a  height  of  14n  feet 
the  chute  is  reached,  and  at  this  point  the  cages  stop.  The 
length  of  the  chute  is  S16  feet.     It  has  a  capacity  of  100  tons 


of  coal,  and  is  generally  kept  nearly  full  to  prevent  excessive 
breakage  of  the  coal.  Besides  being  supported  at  one  end 
by  the  breaker  and  at  the  other  by  the  shaft  head-frame,  or 
tower,  it  has  two  steel  towers  as  additional  supports. 

2812.  Fig.  1010  shows  another  method  of  getting  the 
coal  into  the  breaker  where  the  top  of  the  breaker  is  below 
the  level  of  the  opening,  thus  allowing  a  descending  grade 
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to  be  constructed  from  the  opening 
to  the  dump.  In  the  figure,  a 
shows  the  loaded  car  coming  from 
the  mine;  it  continues  on  a 
descending  grade  until  it  reaches 
the  dump  b. 

The  dumping  is  here  performed 
by  what  is  termed  a  cradle  dump, 
or  in  many  cases  by  some  improve- 
ment on  the  old  style  cradle  dump. 
The  ordinary  cradle  dump  con- 
sists essentially  of  two  cast-iron 
sides,   which  form  the  track  and 
which  are  connected  by  bars  that 
hold  them  the  proper 
distance   apart.      The 
cast-iron   sides    are 
hung     on    adjustable 
rockers,     resting     on 
plates    provided    with 
teeth  that  fit  into  in- 
dentations on  the  rock- 
er,   to    prevent  it 
from  slipping.    As 
the  car  runs  upon 
the   dump   and 
strikes  the  horns  b, 
which    curve    up- 
wards,   a  man  or 
boy  knocks  up  the 
door-latch,  or  fast- 
ening.   As  soon  as 
all  the  coal  has  run 
out  of  the  car,  the 
dump     is    pulled 
down  by  a   lever, 
and   the  car  runs 
oft. 


o 
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From  the  dump  the  empty  car  runs  to  the  foot  of  the 
hoist  c.  This  hoist  is  fitted  up  with  an  endless  chain.  To 
the  chain  at  intervals  are  attached  projecting  pieces,  or 
grips  g^  which  take  hold  of  the  axle  of  the  car.  The  power 
is  transmitted  to  the  hoist  by  means  of  a  wire  or  hemp 
rope,  connected  in  some  way  with  the  breaker  engine. 

The  car  in  running  over  the  knuckle  d  is  freed  from  the 
chain,  and  in  running  down  the  short  incline  e  it  acquires  a 
certain  momentum;  this,  together  with  the  grade  of  the 
empty  track  f^  carries  the  empty  car  back  to  the  mouth  of 
the  opening. 

Where  the  opening  is  a  slope,  some  such  safety  arrange- 
ment as  shown  in  Fig.  996  is  used,  so  that  the  cars,  in  return- 
ing from  the  dump,  will  not  run  into  the  slope. 

2813.  Figs.  1011  and  1012  show  the  method  of  getting: 
the  coal  to  the  top  of  the  breaker  by  means  of  an  inclined 
plane  and  a  barney. 

This  method  is  generally  adopted  where,  by  using  an  in- 
clined plane,  a  descending  grade  can  be  had  for  the  loaded 
cars  from  the  opening  to  the  foot  of  the  plane,  and  also  a 
descending  grade  from  the  bridge  at  the  foot  of  the  plane 
for  the  empty  cars  to  return  to  the  opening.  Or,  it  is  fre- 
quently used  where  the  coal  is  brought  to  the  foot  of  the 
plane  by  a  small  locomotive  or  by  an  electric  motor  from 
some  opening  located  at  a  considerable  distance  from  the 
breaker. 

The  great  success  of  this  method  in  handling  the  coal  lies 
in  the  facility  with  which  the  cars  are  handled  at  the  foot  of 
the  plane,  and  in  the  rapidity  with  which  they  are  handled 
on  the  dump. 

The  essential  parts  of  this  arrangement  are  the  swinging 
bridge  A,  the  barney  B,  and  the  arrangement  of  the  tracks 
at  the  top  and  bottom  of  the  plane. 

2814.  Fig.  1011  shows  the  arrangement  at  the  bottom 
of  the  plane ;  C  is  a  section  through  Y  F,  showing  the  ar- 
rangement of  the  tracks;  /?  isa  section  through  X X^  show- 
ing the  arrangement  of  the  swinging  bridge  which  is  used 


fi 
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to  take  the  empty  cars  off  the  plane;  E  is  a.  plan  of  the 
swinging  bridge,  showing  the  arrangement  for  opening  and 
closing  the  bridge.  This  bridge  consists  of  two  trusses, 
having  bearings  at  c  and  d,  so  that  by  swinging  around  them 
the  bridge  is  opened  and  closed. 

The  dotted  lines  in  D  show  the  position  of  the  bridge 
when  open,  ready  for  the  loaded  car  to  ascend  the  plane; 
the  full  lines  show  the  position  of  the  bridge  when  it  is 
closed,  shown  also  in  the  plan  E,  ready  for  the  empty  car  to 
run  over  the  bridge  in  descending  the  plane. 

The  hoisting  rope  is  attached  permanently  to  the  barney 
B.  This  barney  is  made  in  two  parts,  e  and  y,  united  by 
the  hinge  ^.  The  part  /  carries  four  wheels,  which  run  over 
a  narrow-gauge  track  located  within  the  track  that  the 
mine-car  runs  over,  as  shown  at  s  in  the  cross-section  C. 

The  part  e  of  the  barney  which  is  known  as  the  pustier 
carries  two  small  wheels  //,  one  on  each  side,  known  as  the 
pusher  wheels.  The  part  i  is  known  as  the  check  tiorn, 
which  is  used  to  keep  the  mine-car  in  position  during  the 
operation  of  dumping.  The  barney  is  made  narrower  than 
the  car,  and  passes  between  the  sides  of  the  swinging  bridge 
and  between  the  rails  of  the  mine-car  track.  The  barney 
track  is  continuous  and  unbr;^ken  from  the  barney  pit  to  the 
dump  at  the  top  of  the  breaker. 

The  mine-car y,  as  it  comes  from  the  mine,  is  run  to  the 
foot  of  the  plane  and  placed  in  position,  as  shown.  The 
barney,  from  its  position  in  the  pit,  is  back  of  the  loaded  car 
and  pushes  it  up  the  plane.  In  going  up,  the  loaded  car 
finds  the  bridge  open;  but  when  the  barney  reaches  the 
lever  k,  it  pushes  forward  the  levers  /  and  m,  and  closes 
the  bridge,  so  that  it  will  be  ready  for  the  empty  car  when 
it  descends. 

When  the  barney  descends  it  finds  the  bridge  closed,  and 
when  it  reaches  the  lever  n  its  axle  pushes  forward  the 
levers  o  and/  by  means  of  the  lever  «,  and  thus  opens  the 
bridge  for  the  loaded  car  to  ascend  the  plane.  The  dotted 
levers  marked  nn,  pfi,  and  oo  are  the  same  levers,  but 
shown  in  different  positions.     The  two  pusher  wheels  /i  of 
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the  barney,  as  it  descends  into  the  pit,  lift  the  latches  ^, 
which  are  hinged  at  their  upper  end  and  fall  freely,  so  that 
when  the  engine  is  reversed  and  the  barney  is  hoisted  these 
latches  catch  the  wheels  //  and  force  the  pusher  e  open.  As 
the  wheels  are  obliged  to  follow  the  track  r,  the  pusher 
comes  in  contact  with  the  car  j  and  forces  it  forward  and 
then  up  the  plane.  It  will  be  observed  that  the.  larger 
wheels  of  the  barney,  while  in  the  pit,  have  a  rail  s'  above 
as  well  as  the  rail  s  below  them;  this  is  to  prevent  the 
wheels  from  rising,  and  the  barney  from  getting  off  the 
track. 

The  opening  and  closing  of  the  swinging  bridge  are 
performed,  as  already  stated,  by  the  levers  k  and  «,  in  con- 
junction with  the  levers  m  and/.  There  are  rods  v  and  w^ 
leading  from  the  levers  ;//  and  p  to  the  lever  .r,  which  works 
on  a  pivot,  as  shown,  supported  by  the  piece  of  strap  iron  y 
which  is  bolted  to  the  stringers  of  the  inclined  plane.  At 
the  end  of  the  lever  x  are  the  levers  z  and  z\  made,  as 
shown,  with  the  different  joints.  These  levers  connect  the 
trusses  of  the  swinging  bridge  with  the  lever  x.  From  this 
plan  it  can  be  readily  understood  how  the  operation  of 
opening  and  closing  is  performed  by  operating  the  rods 
V  and  w. 

The  weight  a^  in  connection  with  the  lever  ^,  is  used  as  a 
counterweight  to  balance  the  bridge-shifting  mechanism. 

2815.  Fig.  1012  shows  how  the  dumping  is  performed 
by  means  of  the  barney  at  the  top  of  the  breaker.  The 
mine-car  j  follows  the  track  /,  and  as  soon  as  the  wheels  of 
the  cary  strike  the  horns  u  the  car  is  stopped,  and  the  bar- 
ney continuing  to  move  raises  the  back  end  of  the  car 
until  it  assumes  the  position  shown  in  the  figure,  the  body 
of  the  car  turning  around  the  front  axle. 

Where  the  above  barney  and  method  of  dumping  are  in 
use,  it  is  customary  to  use  a  drum  having  a  friction-clutch, 
so  that  the  engine  is  used  only  for  hoisting  the  loaded  car, 
the  empty  car  being  loaded  by  means  of  a  brake.  Where 
this  is  done  the  engine  is  always  kept  running  in  the  one 
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direction,  and  by  simply  applying  the  clutch  the  desired 
result  is  obtained.  At  the  head  of  the  plane  a  man  is  em- 
ployed, whose  duty  it  is  to  take  the  tickets  from  the  car, 
knock  open  the  latches,  and  see  that  the  car  is  entirely  rid 


Fig.  1012. 

of  its  contents  before  being  allowed  to  return  to  the  mine 
In   most   cases,  however,  the   door   of   the   car   is   opened 
automatically. 

2816.  Fig.  1013  shows  the  method  of  dumping  where 
the  breaker  is  erected  in  line  with  the  slope  or  where  there 
is  a  continuation  of  the  slope  through  an  open  trestle.  The 
hoisting-engine  in  this  case  is  located  either  in  line  with  the 
slope  at  some  point  back  of  the  breaker  or  in  the  lower  part 
of  the  breaker.  In  this  case  the  rope  runs  through  the 
breaker,  as  shown,  the  engine  being  located  in  the  lower 
part  of  the  breaker.  In  this  method  of  dumping,  the  rope 
is  attached  to  the  mine-car  by  what  is  termed  a  Hpreader, 

The  spreader  consists  of  two  pieces  of  wire  rope  or  chain 
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Uy  with  two  hooks  b.  At  c  there  is  a  spreader  stick, 
which  is  used  to  keep  the  wire  ropes  spread. 

This  spreader  stick  is  usually  made  of  a  piece  of  1^-inch 
to  If-inch  gas-pipe.  A  piece  of  wood  of  the  dimensions 
required  to  resist  the  strain  is  entirely  too  heavy.  The  cars 
for  this  method  of  dumping  are  built  so  that  the  hooks  b  of 
the  spreader  can  be  attached  to  the  side  at  the  rear  end  of 
the  car,  as  shown.  At  d  there  is  a  carrying  hook  to  hold 
up  the  spreader  from  the  wheels  of  the  car  while  the  car  is 
ascending  and  descending  the  plane.  The  wheels  of  the  car, 
in  ascending  the  plane,  strike  the  horns  e\  the  engineer  in 
charge  of  the  engine  continues  to  hoist,  so  that  the  body  of 
the  car  turns  around  the  front  axle  into  the  position  shown, 
a  constant  pull  being  maintained  upon  the  rope. 

This  method  of  dumping  is  known  at  the  mine  as  the 
fori^ard  dump,  in  distinction  from  the  one  where  the 
door  is  placed  at  the  rear  in  ascending  the  plane. 

The  arrangement  f  is  used  for  opening  the  latches  g  on 
the  car.  When  the  wheels  of  the  car  strike  the  horns  e^  the 
latches  of  the  car  are  directly  above  /",  and  as  the  car  is 
raised  the  part  g  presses  down  on  /",  thus  relieving  the  door. 

In  designing  the  above  style  of  dump,  the  main  point  is  to 
get  the  hind  wheels  h  of  the  mine-car  to  strike  the  short 
knuckle  i,  so  that  when  the  car  is  lowered  it  will  move  down 
the  plane  without  the  assistance  of  any  one  to  start  it  off. 

2817.  Fig.  1014  shows  the  method  of  dumping  and 
getting  the  coal  directly  into  the  breaker  from  a  slope  that 
is  on  a  very  heavy  pitch.  Generally,  where  the  slope  is 
pitching  above  00°  it  is  not  economical  to  hoist  the  coal  to 
the  surface  in  mine-cars,  but  to  accomplish  it  by  the  use  of 
gunboats,  or,  as  they  are  sometimes  called,  tnonitors. 

The  following  reasons  are  given  for  this:  Much  labor  is 
saved  in  switching,  running  the  cars  on  and  off  the  slope, 
attaching  and  detaching  the  rope  at  the  bottom,  and  the 
same  operations  at  the  top.  When  hoisting  up  a  slope  where 
the  pitch  is  heavy,  the  strain  on  the  car  is  very  great ;  this 
tends  to  cause  accidents,  and  makes  it  necessary  to  have  cars 
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of  better  construction  than  would  otherwise  be  necessary  if 
the  pitch  were  lighter.  To  prevent  the  coal  from  falling 
out  of  the  cars,  coverings  are  attached  to  them,  so  that  when 
they  reach  the  foot  of  the  slope  these  coverings,  or  doors,  are 
placed  in  position.  This  operation  requires  time  and  some- 
what delays  the  steady  movement  that  is  always  found 
necessary  in  order  to  do  good  work  at  the  foot  of  the  slope. 
In  some  cases  a  number  of  cross  rails  are  put  on  top  of 
the  cars,  which  render  them  very  difficult  to  load,  and  also 
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Fig.  1014. 

prevent  them  from  being  properly  filled.  For  these  reasons 
the  gunboat  is  used  on  heavy  pitches.  Where  the  gunboat 
is  in  use  the  mine-cars  circulate  only  in  the  underground 
workings,  their  contents  being  dumped  into  the  gunboat  at 
the  bottom  of  the  slope  or  at  any  other  convenient  point 
upon  it. 

2818.  The  gunboat  is  a  self-dumping  car,  very  solidly 
constructed,  open  at  one  end.  It  has  a  capacity  of  two  or 
three  ordinary  mine-cars.     The  figure  shows  the  side  and 


§  25  OF  ANTHRACITE  MINES.  75 

the  part  of  an  end  elevation  of  a  gunboat.  The  one  shown 
IS  built  of  oak  timber,  lined  inside  with  heavy  sheet  iron. 
In  many  cases  the  gunboat  is  built  throughout  with  boiler 
iron.  The  wheels  are  shrunk  upon  the  axles,  which  are 
seated  in  specially  designed  pedestals. 

On  the  axle  at  the  rear  end  of  the  gunboat  a  wheel  a  is 
placed  which  works  loosely  upon  the  axle ;  having  a  wider 
gauge,  it  strikes  the  auxiliary  track  b  just  before  the  front 
wheels  of  the  gunboat  reach  the  knuckle  c. 

The  same  object  is  sometimes  accomplished  by  making 
the  hind  wheels  of  a  very  much  broader  tread  than  the 
front  wheels. 

The  auxiliary  track  ^  is  a  heavy  rail  bent  to  the  proper 
curve  and  securely  supported  and  fastened. 

Where  gunboats  are  in  use  it  is  frequently  the  case  that 
quite  high  towers,  as  shown  in  the  figure,  are  necessary, 
which  require  considerable  bracing  to  withstand  the  great 
strain  to  which  they  are  subjected  by  the  great  weight  that 
is  raised  at  one  time.  The  breaker  in  this  case  is  erected  at 
the  side  of  the  tower,  the  coal  being  first  dumped  into  the 
inclined  chute  d^  and  from  there  conveyed  into  the  chute  ^, 
which  is  at  right  angles  to  the  chute  d. 

The  bars  over  which  the  coal  then  runs  to  remove  the  finer 
sizes  are  arranged  in  a  chute  parallel  to  the  chute  rf,  or  very 
nearly  so. 

2819.  On  slopes  with  very  heavy  pitches,  where  the 
mine-cars  are  brought  to  the  surface,  what  is  known  as  the 
slope  transfer  carriage  is  used,  a  side  view  of  which  is 
shown  in  Fig.  1015.  The  mine-car  A  is  hoisted  with  a  tri- 
angularly shaped  carriage  whose  frame  B  B  B  xs  built  at  an 
angle  to  suit  the  slope  C  C  C,  and  on  top  of  which  the  car  A 
rests  while  being  hoisted. 

The  car  is  held  in  place  by  a  drop  platform  Z>,  an  arrange- 
ment which  allows  that  portion  of  the  platform  of  the  car- 
riage underneath  the  wheels  of  the  car  to  sink  into  the 
carriage  a  sufficient  depth  to  keep  the  car  from  running  off. 
This  drop  platform  is  a  separate  frame,  with  the  cross-pieces 
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E,  E  a  little  longer  than  the  wheel  base  upon  which  the  car 
stands.  These  cross-pieces  project  at  least  4  inches  over  the 
sides  of  the  carriage,  so  that  when  the  catches  are  put  in  at 
the  top  or  bottom  of  the  slope  they  catch  the  parts  £,  E  of 
the  drop  platform,  and  the  cage  settling  back  brings  the  top 
of  the  safety  blocks  E,  E,  the  cross-pieces  E,  £,  together 
with  the  rails  r  of  the  carriage,  and  the  drop  platform  flush 
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with  each  other,  thus  allowing  the  car  to  be  run  on  and  off. 
When  the  rope  lifts  the  carriage  off  the  catches,  the  drop 
frame,  which  is  fitted  inside  the  main  frame  in  guides,  sinks 
down  the  required  distance,  causing  the  car  to  stand  in  the 
recess,  effectually  blocking  it,  and  preventing  it  from  run- 
ning off  the  carriage  or  against  the  slope  timbers  during  its 
transmission  up  and  down  the  slope. 
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In  some  cases  these  carriages  run  to  the  top  of  the  breaker, 
where  the  car  runs  direct  from  the  carriage  to  the  dump; 
or  the  mine-car  is  taken  off  at  the  mouth  of  the  slope,  and 


the  cars  reach  the  top  of  the  breaker  by  some  one  of  the 
methods  that  have  been  or  will  be  described. 

2820.     ffig.  1016  shows  the  arrangement  for  getting  the 
coal  to  the  top  of  the  breaker  by  means  of  a  link-belt  hoist. 
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This  hoist  is  in  use  where  the  loaded  cars  from  a  shaft 
opening  run  by  gravity  to  the  foot  of  the  inclined  plane  a, 
where  they  are  fed  on  either  side  ^  or  f  of  the  plane.  The 
empties  are  returned  by  a  third  track  t^,  located  in  the  cen- 
ter of  the  plane,  as  shown.  In  order  that  the  empties  can 
be  returned  to  the  shaft  opening  by  gravity,  they  are  taken 
off  the  plane  by  means  of  an  overhead  trestle  /■. 

This  hoist  is  driven  by  the  breaker  engine,  the  gearing 
being  so  arranged  that  the  hoist  can  be  stopped  and  started 
without  interfering  with  the  running  of  the  engine. 

The  car,  in  running  to  the  foot  of  the  plane,  is  scotched, 
which  is  a  term  used  at  the  mines  to  denote  a  method  of  hold- 


ing the  car  in  the  one  position.     Here  it  remains  until  one 
of  the  projecting  attachments  on  the  chain  catches  hold  of 
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the  mine-car  axle  and  conducts  it  up  the  plane.  These  pro- 
iections,  or  grips,  are  attached  to  the  chain,  and  located  such 
a  distance  apart  as  to  regulate  the  feeding  of  the  cars  to  the 
dump  in  accordance  with  the  time  required  in  dumping. 

The  figure  does  not  show  the  arrangement  of  any  safety 
attachments,  but  at  the  mines  where  a  chain  hoist  is  in  use 
a  safety  device  is  generally  located  on  the  plane  at  every  10 
or  12  feet,  to  prevent  the  loaded  cars  from  descending  and 
doing  any  damage  in  case  of  an  accident  to  the  chain. 

2821.  Fig.  1017  shows  a  very  cheap  but  efficient  sys- 
tem of  blocks  used  in  connection  with  chain  hoisting.  The 
blocks  are  made  of  oak,  shod  with  ^-inch  iron  on  the  side 
towards  the  rail.  The  blocks  are  fastened  to  the  plane  at 
their  lower  ends  a.  This  fastening  serves  as  a  hinge.  The 
block  is  further  supported  by  the  piece  b,  which  acts  as  a 
brace.  The  block  c  is  kept  in  position  on  the  rail  by  the 
round  green  oak  stick  d^  which  is  very  elastic  and  acts  as  a 
spring.  It  is  fastened  to  the  block  by  means  of  a  staple  ^, 
and  to  the  plane  by  the  staple  f.  As  the  car  goes  up  the 
plane,  the  wheels  of  the  car  push  the  block  c  aside ;  after  it 
has  passed,  the  block  resumes  its  position  on  the  rail,  on  ac- 
count of  the  tension  of  the  spring  pole  d.  The  cars,  after 
being  dumped,  are  returned  over  the  empty  track  g,  which 
has  a  descending  grade  to  the  mine  opening. 


MACHINERY    USED    IN    THE    PREPARATION   OF 

COAL. 


CLASSIFICATION. 

2822.     The  machinery  used  in  the  preparation  of  an- 
thracite coal  is  divided  into  the  following  classes: 

Machinery  for  sizing  the  coal. 

Machinery  for  breaking  the  coal. 

Machinery  for  separating  the  slate  from  the  coal. 

Machinery  used  for  conveying  the  coal  into  the  breaker. 
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MACHINBRV  FOR  SIZING  THB  COAL. 

2823.  This  may  be  divided  into  two  classes:  (1)  fixed 
or  movable  bars  and  (2)  fixed  or  movable  screens. 

In  the  first  class  the  openings  through  which  the  coal 
falls  are  much  longer  than  they  are  wide,  while  in  the 
second  class  they  are  nearly  square. 

In  special  cases  the  first  class  may  be  used  to  take  out 
dust  or  fine  coal,  otherwise  it  is  seldom  employed,  except 
for  large  coal,  or  when  exact  sizing  is  not  important.  The 
reason  is  that  long  flat  pieces  fall  out  with  the  cubical  pieces 
of  much  smaller  dimensions,  tendering  the  coal  thus  sized 
very  irregular  in  form. 

2824.  There  are  three  types  of  the  first  class  in  com- 
mon use: 

1.  Bars  supported  at  both  ends,  which  are  either  fixed  or 
adjustable. 

2.  Finger-bars,  supported  at  one  end. 

3.  Oscillating  bars. 

2825.  1-  The   bars  supported   at   botli  ends  are 

either  fixed  or  adjustable,  the  former  being  in  more  general 
use  than  any  other  type. 

One  great  object  to  be  accomplished  in  screening,  whatever 
the  type  of  bars,  is  to  get  the  coal  to  run  freely  over  them, 
so  that  the  bars  will  not  become  clogged  up.  Bars  that 
are  made  flat  do  not  accomplish  this  object  as  thoroughly 
as  pointed  or  rounded  ones,  because  on  a  flat  bar  the  fine 
fragments  have  no  special  tendency  to  run  into  the  open- 
ings between  the  bars. 

Bars  with  a  rounded  head  are  in  more  general  use  in  the 
anthracite  region  than  any  other  form.  The  one  shown  at 
A  J  in  Fig.  1018,  is  a  fixed  bar  supported  at  both  ends.  This 
type  is  made  of  cast  iron,  placed  and  supported  as  shown  at 
B,  The  top  of  the  bar  is  cylindrical  and  projects  beyond 
the  web  which  supports  it,  so  that  any  lump  which  passes 
through  the  upper  part  will  fall  freely  without  jamming. 
This  type  of  bar  is  usually  made  about  4  feet  long. 

The  adjustable  bar  supported  at  both  ends  is,  as  the  name 
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implies,  one  whose  position  can  be  adjusted.  The  coal  to 
be  sized  is  made  to  slide  longitudinally  over  it. 

The  ends  of  the  bars  are  made  V-shaped,  to  fit  into  similar 
grooves  on  the  transverse  pieces  by  which  they  are  sup- 
ported. The  bars  can  be  placed  at  any  required  distance 
from  each  other,  the  usual  opening  being  3^  to  4  inches. 

The  flnser-bars  shown  at  C  are  an  improvement  upon 
the  bars  just  described  and  those  in  ordinary  use. 

The  lower  end  f  of  the  bar  is  entirely  free,  and  the  bars 
are  narrower  at  /  than  at  the  upper  end  g^  so  that  should 
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any  lump  become  wedged  it  is  likely  to  be  loosened  by  the 
first  lump  which  strikes  it. 

In  the  vertical  edges  of  the  upper  end  of  the  bars  are 
two  half  holes  A,  by  which  they  are  bolted  to  the  beam  or 
bearings. 

2826.  Movable,  or  oscillating, bars  consist  of  two 
frames,  each  carrying  a  set  of  narrow  bars,  placed  suffi- 
ciently far  apart  to  allow  coal  of  the  required  size  to  pass 
between  the  bars  of  each  pair.  The  bars  are  oscillated  back 
and  forth  by  eccentrics  on  the  main  driving-shaft,  which  are 
so  connected  with  the  bars  that  the  motion  of  the  latter  is 
approximately  horizontal.     The  throw  given  them  is  about 
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3  inches.  On  the  main  or  driving-shaft  there  are  two  eccen- 
trics, placed  180°  apart. 

The  coal  fed  upon  this  apparatus  at  one  end  wUl  be  slowly 
transported  to  the  other  end  when  the  frame  is  set  hori- 
zontally, or  even  if  inclined  at  a  slight  angle.  At  the  same 
time  the  coal  is  slightly  jarred,  the  dust  and  dirt  shaken  off, 
and  all  the  small  pieces  are  sure  to  fall  through  into  the 
hopper  below. 

Reciprocating  screen  bars  of  this  description  undoubtedly 
reduce  the  amount  of  labor  to  be  performed  by  the  men  on 
the  platform,  and  at  the  same  time  reduce  the  height  of  the 
breaker.  ! 


2827.  Fixed  screens  consist  simply  of  an  inclined 
plane,  formed  either  of  woven-wire  screens  or  punched  or 
cast  plates,  with  round,  square,  oblong,  or  other  shaped 
holes.  The  coal  in  this  case  is  allowed  to  slowly  slide  or  roll 
down  this  plane  by  gravity. 

The  larger  pieces  pass  over  and  the  smaller  fall  through  it. 
By  placing  several  screens  with  openings  of  decreasing  size 
underneath  one  another,  or  a  series  with  openings  of  in- 
creasing size  in  the  same  chute  following  one  another,  any 
desired  number  of  sizes  can  be  made.  While  the  coal  is 
being  handled  or  moved  in  the  breaker,  a  certain  proportion 
of  small  pieces  always  breaks  off,  so  that  when  the  coal  is 
loaded  from  the  pockets  into  the  cars  it  is  necessary  to  take 
out  this  finer  coal.  This  is  done  by  allowing  the  coal  to  pass 
over  a  set  of  bars  just  before  entering  the  railroad-car. 
When  the  fixed  screen  is  used  for  this  purpose  it  is  known 
as  the  lip  screen. 

2828.  Movable  screens  are  among  the  most  impor- 
tant parts  of  a  breaker.  They  are  of  two  types.  In  the 
first  type  the  screening  surface  forms  a  cylinder  and  revolves 
about  its  axis;  in  the  other  type  the  screening  surface  is 
approximately  horizontal. 

2829*  Before  discussing  the  construction  of  screens 
and  methods  employed,  it  is  first  necessary  to  know  the 
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sizes  of  coal  that  are  to  be  prepared  in  the  breaker.  The 
sizes  generally  prepared  are  as  follows,  arranged  in  order, 
commencing  with  the  largest  size  first:  Lump,  steam- 
boaty  broken,  es^,  stove,  cliestnut,  pea,  buck^«rheat» 
and  rice.  Lump  coal  is  prepared  on  the  platform,  and  all 
the  other  sizes  are  prepared  by  sizing  in  different  screens, 
known  as  the  steamboat,  broken,  egg,  stove,  chestnut,  pea, 
buckwheat,  and  rice  screens. 

2830*  A  breaker  generally  has  a  screen  known  as  the 
slate-picker  screen,  and  there  are  others  known  as  the  main 
and  counter^  or  mud,  screens. 

Screens  are  made  single  and  double  Jacketed,  and  de- 
rive their  names  from  the  size  of  the  coal  which  they  prepare 
in  the  first  Jacket,  or  in  other  work.  Screens  are  always 
designated  by  the  size  of  coal  that  comes  out  of  the  end ;  for 
example,  the  steamboat-coal  in  a  steamboat  screen  comes 
out  of  the  end,  while  all  smaller  sizes  fall  through  the  meshes 
and  pass  on  to  some  other  screen. 

The  term  main  screen  designates  a  screen  preparing 
several  sizes ;  for  example,  the  main  screen  usually  prepares 
Qgg,  stove,  and  chestnut,  although  it  would  not  be  wrong  to 
term  the  above  an  egg-coal  screen. 

The  mud  screen  is  the  name  given  to  the  one  that  takes 
the  coal  coming  from  the  main  bars,  or,  as  they  are  sometimes 
called,  the  platform  bars.  This  screen  is  also  sometimes 
called  the  counter  screen.  The  term  counter  screen  always 
refers  to  a  screen  that  is  located  above  the  main  screen  or 
other  sizing  screen,  through  which  the  coal  is  run  and  partly 
sized  before  entering  another  screen  for  the  final  sizing. 
This  is  done  in  order  to  get  the  slate  out  of  the  larger  sizes 
of  coal  by  hand  picking. 

2831.  In  many  cases  breakers  have  what  are  known  as 
counter,  mud,  cbestnut,  pea,  buck^vheat,  and  rice 
screens.  These  are  located  below  the  mud  screens  and 
prepare  the  coal  that  comes  from  the  mud  screens  directly 
for  the  pockets  for  shipment,  or  for  use  at  the  mines  to 
generate  steam.     This  coal  is  not  mixed  with  the  coal  that 
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comes  from  the  main  crushers  and  that  coming  from  the 
prepared-coal  rolls. 


Slate-plcker  screena  are  cylindrical  screens  jacketed 
with  cast-iron  segments,  provided  with  narrow  slits  through 
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which  the  flat  pieces  of  slate  fall,  but  through  which  the 
coal  (not  being  flat)  can  not  pass. 

2832.  Fig.  1019  shows  a  main  screen  used  in  the  an- 
thracite region,  which  is  usually  from  16  feet  to  30  feet  in 
length.  The  diameter  of  the  first  jacket  a  is  usually  from  5 
to  6  feet,  while  the  diameter  of  the  double-jacketed  part  b  is 
usually  from  6^^  to  8  feet.  These  screens  are  set  on  an  in- 
clination of  \  inch  to  1  inch  to  the  foot,  so  that  the  coal  will 
travel  slowly  from  one  end  to  the  other.  They  are  run  at 
from  8  to  10  revolutions  per  minute. 

These  screens  are  constructed  of  a  number  of  cast  or 
wrought  iron  spiders  set  at  intervals  of  from  3  to  5  feet 
apart,  on  wooden  or  wrought-iron  shafts,  although  of  late 
years  Phoenix  columns  are  being  used  for  the  shafts. 

The  spiders  are  made  up  of  a  cast-iron  hub  c  having  four 
wrought-iron  arms  d  bolted  to  it.  The  arms  are  either 
riveted  or  bolted  to  the  ring  or  circle  ^,  and  the  hub  is  keyed 
to  the  shaft  f. 

The  jackets  a  and  b  may  consist  of  either  a  series  of  wire, 
cast-iron,  or  wrought-iron,  or  steel  punched  gratings  of  the 
proper  mesh,  called  sesrments.  In  the  figure  wire  segments 
are  shown.  The  meshes  of  a  segment  always  refer  to  the 
size  of  the  openings  that  permit  the  coal  to  drop  through. 
The  distance  between  any  two  spiders  is  referred  to  as  the 
1st  set  or  row  of  segments.  2d  set  or  row  of  segments,  etc. ; 
hence,  by  increasing  the  number  of  spiders  the  number  of 
sets  or  rows  of  segments  is  increased.  In  speaking  of  a 
screen,  reference  is  always  made  to  the  back  end  and  front 
end ;  the  back  end  refers  to  the  end  where  the  coal  is  fed 
to  the  screen,  and  the  front  end  is  the  end  where  the  coal 
that  does  not  drop  through  the  meshes  is  delivered.  But 
in  referring  to  the  sets  or  rows  of  segments,  it  is  custom- 
ary to  speak  of  the  1st,  2d,  etc.,  set  or  row  of  segments, 
commencing  to  number  from  the  back  end  towards  the 
front  end. 

The  segments  are  fastened  to  the  rings  e  by  six  bolts, 
three  at  each  end.     As  shown  in  the  figure,  the  segments 
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are  so  arranged  that  the  joint  at  any  two,  as  g^  will  come  in 
the  center  of  a  segment  in  another  set  or  row  as  h.  In  this 
manner  the  screen  as  a  whole  is  firmly  bound  together. 

The  jacket  b  is  spoken  of  as  the  double  or  outside  jacket. 
The  meshes  of  the  segments  of  this  jacket  are  always 
smaller  than  those  of  the  segments  of  the  first  jacket,  or 
those  directly  under  it. 

The  second  or  last  row  of  segments  b  on  the  outside 
jacket  is  made  quite  different  from  any  other  of  the  seg- 
ments shown. 

A  small  opening  from  G  inches  to  9  inches  is  made  in  this 
segment,  so  that  the  coal  that  does  not  pass  through  the 
meshes  of  the  segments  composing  the  outside  jacket  can 
drop  out  before  coming  to  the  end  of  the  set  of  segments  b. 
This  is  done  so  as  not  to  interfere  with  the  coal  that  drops 
through  the  meshes  in  the  set  a. 

The  outside  jacket  is  supported  by  pieces  of  gas-pipe  /, 
which  envelop  the  arms  of  the  spider  projecting  through  the 
circle  of  the  first  jacket.  The  circle  for  the  first  jacket  over 
which  the  double  jacket  is  located  is  supported  by  collars 
provided  on  the  spider  arms.  That  part  of  the  arms  which 
projects  beyond  the  gas-pipe  and  outside  circle  is  either 
riveted  or  threaded  and  fitted  with  a  nut. 

2833.  Two  methods  of  driving  screens  are  in  com- 
mon use: 

1.  By  bevel-gears  on  the  screen  shaft,  usually  at  the 
front  end  of  the  screen. 

2.  By  spur-gears  on  the  periphery  of  the  screen,  at  its 
back  end,  as  shown  in  Fig.  1019.  This  large  gear  is  always 
cast  in  one  piece,  and  also  contains  the  circles  for  the  inside 
and  outside  jackets. 

The  pinion  j  is  usually  placed  under  the  screen,  and  its 
shaft  is  always  horizontal.  This,  of  course,  gives  a  greater 
bearing  on  one  side  of  the  teeth  than  on  the  other,  and  in 
time  one  side  becomes  greatly  worn,  while  the  other  side  is 
comparatively  unworn.  The  pinion  is  then  changed  end 
for  end. 
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The  screen  is  supported  at  the  back  end  by  a  hanger. 
The  one  shown  is  made  up  of  three  parts.  The  part  k  is 
bolted  to  one  of  the  main  stringers  in  the  breaker.  The 
part  /  contains  a  small  saucer-shaped  depression  which  sup- 
ports a  correspondingly  shaped  projection  of  the  bearing  w. 
The  one  fits  into  the  other,  thus  allowing  a  free  and  easy 
movement  for  the  screen  shaft.  The  bearing  contains  two 
of  these  saucer-shaped  projections,  so  that  as  it  wears  away 
it  can  be  inverted.  In  many  cases  the  parts  k  and  /  are 
cast  in  one  piece,  with  an  opening  in  the  back,  so  that  the 
bearing  can  be  inserted. 

The  segments  at  the  back  end  of  the  screen,  or  the  end 
into  which  the  coal  is  fed,  have  the  smallest  mesh,  and  those 
at  the  front  end  have  the  largest  mesh.  Wire  segments 
make  the  finest  separation  of  coal ;  but  where  water  is  used 
the  wires  soon  slip,  which  increases  the  size  of  some  meshes 
and  decreases  the  size  of  others.  Cast-iron  segments  are 
generally  used  for  the  steamboat  and  broken  coal  screens, 
while  punched  wrought-iron  segments  are  used  for  the  rice- 
coal  screens,  although  in  many  instances  the  latter  are  used 
for  all  types  of  screens. 

2834.  The  coal  that  enters  the  screen  shown  in  Fig. 
1019  contains  every  size  below  that  of  broken  coal,  which 
has  first  been  separated  by  a  broken-coal  screen.  The  first 
two  sets  of  segments  remove  the  dirt,  rice,  buckwheat,  pea, 
and  chestnut.  These  sizes  enter  the  double-jacketed  part. 
All  sizes  below  chestnut  drop  out  of  this  jacketed  part,  while 
the  chestnut  comes  out  at  the  end  and  passes  to  a  slate- 
picker  screen,  or  to  a  screen  known  as  the  chestnut-coal 
screen,  which  is  generally  double-jacketed  and  carries  a  row 
of  slate-picker  segments.  This  screen  is  usually  4  feet  in 
diameter,  with  an  inclination  of  f  of  an  inch  to  the  foot,  and 
runs  at  the  rate  of  15  revolutions  per  minute.  The  double- 
jacketed  part  is  used  to  take  out  the  pea  coal  that  may  have 
remained  in  the  chestnut.  The  slate-picker  segments  in  this 
screen  take  out  the  flat  slate.  The  chestnut  coal  coming 
out  of  the  front  end  of  the  screen  passes  on  either  to  a  jig  or 
to  the  coal  pocket. 
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The  coal  that  dropped  through  the  meshes  of  this  double 
jacket  of  the  main  screen  passes  on  to  a  pea-coal  screen. 
This  is  also  a  double-jacketed  screen.  The  first  jacket  is 
usually  4  feet  in  diameter  and  the  jacketed  portion  4  feet 
6  inches.  This  screen  has  usually  a  i'  to  i'  pitch,  and  runs 
at  the  rate  of  15  to  20  revolutions  per  minute.  The  pea  coal 
comes  out  of  the  end  of  the  first  jacket,  and  what  drops 
through  the  meshes  is  buckwheat,  rice,  and  culm ;  the  buck- 
wheat comes  out  of  the  end  of  the  double  jacket,  while  the 
rice  and  culm  pass  through  the  meshes  and  are  carried  on  to 
the  rice-coal  screen.  The  rice-coal  screen  is  a  single-jacketed 
screen,  usually  about  12  feet  long,  4  feet  in  diameter,  and 
has  an  inclination  of  ^  inch  to  the  foot ;  it  runs  at  the  rate 
of  13  revolutions  per  minute.  The  rice  comes  out  of  the 
end,  while  the  culm  passes  through  the  meshes  and  out  into 
the  culm  pocket.  The  chestnut,  pea,  and  rice  screens  are 
usually  run  by  bevel-gears  on  the  screen  shaft  at  the  front 
end  of  the  screen. 

The  coal  that  comes  through  the  single-jacketed  portion 
a  of  this  main  screen  is  known  as  stove  coal,  while  that  com- 
ing out  of  the  end  is  egg  coal.  The  stove  coal  is  either 
carried  to  a  set  of  jigs  or  run  over  inclined  chutes,  known  as 
the  plckins:  cliutesy  the  tgg  coal  going  through  a  sim- 
ilar operation. 

2835.  The  meshes  for  the  different  segments  used  in 
the  sizing  of  coal  are  given  in  the  following  table : 

Culm  passes  through      ^-inch  mesh  (round). 
Rice  passes  over  j\^-inch  mesh  and  through    f-in.  sq. 

Buckwheat  passes  over    f-inch  mesh  and  through    ^-in.  sq. 
Pea  passes  over  ^-inch  mesh  and  through    }-in.  sq. 

Chestnut  passes  over        J-inch  iliesh  and  through  If-in.  sq. 
Stove  passes  over  If-inch  mesh  and  through    2-in.  sq. 

Egg  passes  over  2-inch  mesh  and  through  2i-in.  sq. 

Broken  passes  over         2f-inch  mesh  and  through  3^-in.  sq. 
Steamboat  passes  over  3^-inch  mesh  and  out  end  of  screen. 
Lump  passes  over  platform  bars  that  are  set  from  3^  to  5 
inches  apart. 
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2836*  In  Fig.  1020  A  and  B  show  a  cross-section  and 
side  view  of  the  part  of  a  main  screen  where  a  wooden 
shaft  a  is  used. 

From  this  figure  it  is  seen  that  the  parts  c  and  d  of  the 
spider  are  made  of  wrought  iron  and  in  one  piece.  The 
screen  circle  d  is  made  in  one  piece  and  joined  by  bolting,  as 
shown  at  //.  The  screen  circle  b  is  secured  to  the  spider 
arms  ^/either  by  riveting,^  as  shown  in  the  figure,  or  by  bolting. 

The  spiders  are  secured  to  the  screen  shaft  a  by  a,  series  of 
wedges  driven  between  the  shaft  a  and  the  web  part  c  of  the 
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spider.  These  wedges  are  single  tapered  wedges,  made  of 
oak  or  yellow  pine,  and  are  driven,  as  shown  in  the  figure, 
from  e  and/,  so  that  one  overlaps  the  other. 

To  prevent  the  screen  shaft  a  from  wearing  out  by  the 
continual  striking  of  the  coal,  it  is  covered  either  with  light 
sheet  iron  ^,  or  f-inch  oak  boards.  The  shaft  a  is  generally 
either  white  or  yellow  pine  timber,  14  inches  X  14  inches  in 
cross-section.  The  bearings  at  the  front  and  back  end  of 
the  screen  are  specially  designed  cast-iron  pieces,  called  the 
screen's  gudgeon.  These  gudgeons  are  fastened  to  the 
wooden  shaft  by  a  number  of  large  bolts  passing  through  it. 

2837.     Fig.   1021  shows  a   Phoenix  column    shaft, 

which  is  fast  taking  the  place  of  the  wooden  shaft  for  main 
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screens,  and  also  the  wrought  and  cast  iron  shafts  for  the 
smaller  screens.  As  shown  in  the  figure,  the  end  bushings 
are  of  cast  iron,  and  are  riveted  in  place  to  the  Phcenix  col- 
umn, making  a  very  substantial  piece  of  work.  These  shafts 
are  very  light  for  their  strength,  and  serve  their  purpose 


FIG.  lOSl. 

admirably.  The  spiders  used  on  these  shafts  are  a  cast-iron 
hub  with  wrought-iron  arms,  fastened  to  the  shaft  by  set 
screws. 

2838.  The  steamboat  screens  are  usually  from  4 
feet  to  6  feet  in  diameter,  and  never  more  than  6  feet  to  12 
feet  in  length.  They  have  an  inclination  of  i  inch  to  the 
foot,  and  are  run  from  10  to  13  revolutions  per  minute.  The 
screen  shafts  are  wrought  iron  and  solid  throughout.  The 
spiders  in  this  screen  are  cast  iron,  in  one  piece,  and  are 
keyed  to  the  shaft.  The  segments  are  cast  iron.  This 
screen  takes  the  coal  as  it  comes  from  the  main  rolls  or 
crushers.  Both  methods  in  use  for  driving  screens  are  used 
to  drive  this  screen,  although  the  spur-gearing  on  the 
periphery  of  the  screen  and  small  pinion  is  used  almost  ex- 
clusively. In  many  cases  the  screens  are  double- jacketed, 
the  outside  jacket  permitting  the  sizes  below  broken  to  pass 
through,  the  broken  coming  out  of  the  end. 

2839*  The  broken-coal  screen  is  a  screen  that  is 
very  rarely  double-jacketed.  It  is  from  4  feet  to  6  feet  in 
diameter,  usually  from  9  feet  to  12  feet  in  length,  with  an 
inclination  of  J  inch  to  the  foot,  and  is  run  10  to  13  revolu- 
tions per  minute.  The  segments  used  on  this  screen  are 
either  cast  iron,  wire,  or  punched  wrought  iron.  It  is  usually 
driven  by  the  large  periphery  spur-gear  and  pinion,  in  pre- 
ference to  bevel-gears.  It  takes  the  coal  as  it  comes  from 
the  prepared  rolls,  often  called  the  monkey  rolls. 
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2840«  For  cleaning  the  very  smallest  sizes  of  coal,  as  pea, 
buckwheat,  and  rice,  a  pentagonal  screen  is  often  used ; 
that  is,  the  screens,  instead  of  being  circular,  are  in  the  form 
of  a  pentagon.  These  screens  have  about  the  same  dimen- 
sions as  the  circular  screens,  but  run  at  a  very  much  higher 
speed,  varying  from  30  to  35  revolutions  per  minute.  This 
form  is  used  to  give  the  coal  a  greater  stirring  up.  They 
are  always  single-jacketed,  and  are  used  solely  to  get  rid  of 
the  dirt. 

2841.  When  the  coal  is  wet  and  dirty,  washing  is  nec- 
essary to  remove  the  dirt  that  adheres  to  each  fragment. 
This  is  accomplished  by  a  series  of  small  streams  or  jets  of 
water  falling  upon  the  coal  in  the  screens  from  a  perforated 
pipe  or  trough  above  the  screen.  Or,  the  trough  is  set 
level  and  the  water  is  fed  into  it  from  below  from  a  tank 
which  is  so  located  as  to  give  a  certain  amount  of  head  to 
the  water,  causing  a  uniform  overflow  throughout  the  whole 
length  of  the  trough.  This  washing  is  quite  necessary  to 
enable  the  slate  pickers  to  distinguish  the  slate  and  bone, 
and  at  the  same  time  it  makes  the  coal  more  salable. 

In  order  that  the  screens  may  do  their  proper  sizing,  they 
should  not  be  overcrowded ;  for  when  they  are  crowded  with 
coal  a  considerable  quantity  of  one  size  becomes  mixed  with 
that  of  another.  To  overcome  this,  some  breakers  have 
automatic  screen  feeders. 

2842.  The  capacity  of  screens  depends  upon  the 
amount  of  screening  surface,  the  inclination,  and  the  speed 
at  which  they  are  run.  Increasing  the  pitch  has  the  same 
effect  on  the  screening  as  shortening  the  screen,  but  it  in- 
creases instead  of  diminishes  its  capacity.  Hence,  the 
screening  capacity  in  large  breakers  is  increased  by  increas- 
ing the  pitch  of  the  screens,  although  to  secure  thorough 
screening  very  long  screens  are  necessary,  while  at  breakers 
handling  a  small  output  the  screening  may  be  equally  well 
done  by  short  screens  with  a  very  small  inclination. 

To  give  some  idea  of  the  capacity  of  screens,  the  following 
are  the  results  of  tests  made  in  the  anthracite  region.     The 
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first  was  that  of  a  main  screen  (dry)  with  J-inch  pitch, 
18  feet  long.  The  first  jacket  was  5  feet  in  diameter.  It 
also  contained  a  jacket  for  chestnut,  G^  feet  in  diameter  and 
7^  feet  in  length.  The  screen  was  run  at  a  speed  of  10  rev- 
olutions per  minute.  The  meshes  for  the  outside  jacket 
were  J  inch.  The  first  jacket  had  8  feet  of  If-inch  meshes, 
while  the  remainder  was  made  of  2-inch  meshes.  The 
amount  of  egg  coal  that  came  out  the  end  was  six  tons  per 
hour;  the  amount  of  stove  coal,  ten  tons  per  hour,  and  of 
chestnut,  nine  tons  per  hour. 

The  next  test  was  that  of  a  pea-coal  screen  4  feet  in  diam- 
eter, 12  feet  long,  }-inch  pitch,  and  running  at  the  rate  of 
14  revolutions  per  minute.  The  screen  was  a  wet  one  and 
supplied  with  an  abundance  of  water.  The  meshes  in  the 
first  jacket  were  ^  inch  square.  The  buckwheat  passed 
over  a  f-inch  mesh  and  the  rice  overa^-inch  mesh,  punched 
plates  being  used  throughout.  Eight  tons  of  pea  coal  per 
hour  came  out  the  end  of  the  first  jacket,  and  the  amount 
passed  through  the  first  jacket  was  five  tons  of  buckwheat 
and  ten  tons  of  rice  coal.  The  above  was  calculated  at 
2,240  pounds  to  the  ton.  On  account  of  the  water,  it  was 
found  very  difficult  to  get  the  amount  of  culm. 

Three  tests  were  made  of  the  above  screen,  and  gave  6,  8, 
and  10  tons  per  hour,  respectively,  of  pea  coal.  It  was 
found  that  8  tons  per  hour  was  about  all  the  screen  could 
size,  for  when  tested  for  10  tons  it  was  quite  impossible  to 
size  the  buckw^heat. 

2843.  In  another  type  of  movable  screens  the  screen- 
ing surface  is  approximately  horizontal,  and  the  motion  and 
action  is  similar  to  that  of  an  ordinary  hand  sieve.  Such 
a  screen  is  shown  in  Fig.  1022,  and  is  known  as  the  sha- 
king screen,  or  shaker.  This  type  of  screen  is  used  for 
sizing  small  coals;  the  one  shown  in  the  figure  being  made 
for  sizing  pea,  buckwheat,  and  rice. 

This  screen  is  moved  backwards  and  forwards  by  means 
of  the  eccentrics,  as  shown.  This  motion,  combined  with 
the  inclination  of  the  screen,  causes  the  coal  which  is  fed  on 
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the  highest  part  of  the  screen  to  travel  gradually  across  it. 
Pea,  which  is  the  coarsest  coal,  comes  ofE  first,  at  A; 
buckwheat  second,  at  B;  the  rice  coal  coining  out  over  the 


end  C,  while  the  culm  passes  through  the  meshes  in  the 
bottom. 

2844.  The  shaking,  pentagonal,  and  circular  screens 
work  very  well  for  the  smaller  sizes  of  coal,  where  they  are 
comparatively  dry,  but  where  they  are  wet  it  is  very  diffi- 
cult to  get  out  the  dirt  and  make  a  complete  separation. 
To  overcome  this  a  machine  has  been  invented  which  is 
known  as  the  Rlghter  coal  'washer  and  separator,  and 
which  is  shown  in  Fig.  1023.  Its  main  feature  is  a  screen 
box  a,  provided  with  perforated  plates  upon  both»top  and 
bottom,  and  it  has  also  a  slate  pocket  d  near  its  lower  end. 
The  screen  box  is  submerged  in  water  and  is  inclined  towards 
the  coal  elevator  c.  This  screen  box  is  given  an  up-and-down 
motion  and  at  the  same  time  a  backward-and -forward  motion 
by  means  of  the  different  eccentrics  used,  which  are  driven 
by  the  bevel-gearing,  as  shown. 

The  coal  is  fed  into  the  screen  box  at  its  upper  end  i/,  and 
the  motion  of  the  screen  box,  aided  by  its  downward  incli- 
nation, causes  the  coal  and  slate  to  work  forward;  the  slate 
being  heavier  is  deposited   in  the  slate  pocket,  while  the 
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coal  is  carried  and  delivered  to  the  elevator  c,  where  it  is 
discharged  into  a  chute,  which  leads  either  to  a  pocket  or  to 
a  sizing  screen.  The  slide  in  the  bottom  of  the  slate  pocket 
b  is  opened  from  time  to  time,  as  shown,  by  means  of  the 
rods  and  levers.     The  bottom  of  the  tank  is  inclined,  which 


allows  the  slate  and  mud  to  pass  very  readily  to  the  elevator 
g  which  removes  it. 

2845.     Another  method  that  is  used  for  cleaning  the 

smaller  coals  before  sizing  is  shown  in  Fig.  1024,  which  con- 
sists of  a  water-tight  tank  a,  filled  with  water  to  the  line 
marked  b.  The  tank  is  closed  at  the  top  by  the  perforated 
plate  f,  having  holes  to  suit  the  smallest  size  of  coal  to  be 
separated.  The  plate  c  extends  up  the  inclined  chute  d,  so 
as  to  permit  the  drainings  to  get  back  into  the  tank  a. 
An  endless  conveyor  c  is  used  to  drag  the  mingled  coal  and 
dirt  over  the  plate  c  and  up  the  inclined  chute  (/.  The  culm 
containing  the  coal  to  be  washed  is  supplied  by  the  chute/ 
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This  culm  falls  into  the  water,  is  moved  along  and  thoroughly 
stirred  up  and  tumbled  over  and  over  upon  the  perforated 
plate  c  by  the  conveyor.  In  this  operation  the  fine  dirt 
sinks  through  the  perforations  and  falls  into  the  bottom 
of  the  tank,  while  the  coal  is  thoroughly  washed  and  moved 


along  the  bottom  and  up  the  inclined  chute  </,  to  be  delivered 
to  screens  or  other  receptacles,  as  may  be  desired.  The  dirt 
which  accumulates  in  the  bottom  of  the  tank  is  discharged 
by  means  of  the  slush  box  g^  which  has  two  wedge-shaped 
slides  //  and  k.  Upon  the  upper  surface  of  the  slide  is  a 
piece  of  oak  wood.  The  slides  move  in  a  casting  which  has 
on  each  side  a  taper  groove,  whose  wedging  action  furnishes 
a  water-tight  joint. 

The  discharging  is  performed  by  the  first  opening  A,  k  re- 
maining closed;  the  fine  mud  that  was  above  k  is  then 
lowered  \.o  k\  h  is  then  closed  and  k  opened,  which  dis- 
charges the  waste  without  letting  the  water  out  of  the  tank. 


Ofl 
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2846.  Gyration  Screens. — Another  type  of  movable 
screen  in  use  at  some  of  the  collieries  in  the  anthracite 
retfton  is  known  as  the  gyratlnic  screen.  This  screen 
receives  a  gyrating  motion  like  the  motion  a  molder  gives 
to  his  sieve  when  screening  his  sand. 

The  great  advantage  claimed  for  this  type  of  screen  is  that 
the  whole  surface  of  the  screen  is  constantly  in  action,  while 
in  the  revolving  screen  of  say  5  feet  in  diameter  only  about 
8  inches  of  the  Ifi  feet  circumference  is  at  any  time  inaction, 
unless  the  screen  Is  overcrowded ;  the  revolving  of  the  screen 
acts  like  an  elevator,  and  tends  to  throw  the  coal  back  into 
the  screen. 

2847.  Fig.  1025  shows  a  single  gyrating  screen,  which 
is  made  of  two  parts:  the  upper  or  screen  box  and  the  lower 

or  box  bed-plate.  The 
screen  box  is  made  up 
of  shelves,  varying  in 
number  from  2  to  6, 
depending  upon  the 
size  of  material  to  be 
screened.  The  box  is  4 
feet  wide  and  6  feet 
long,  inside  measure- 
ments, giving  2i  square 
feet  of  screen  surface 
per  shelf.  The  boxes 
are  made  from  1  foot 
■  to  3  feet  deep.  The 
smaller  the  size  of  coal 
the  closer  to  each  other 
the  shelves  can  be  put. 
On  the  shaft  shown 
In  the  bed-plate  a  pul- 
ley Is  placed  to  drive  the 
The  large  wheel 
shown  between  the 
screen  box  and  the  bed- 
plate is  countcrweighted,  to  balance  the  centrifugal  force  of 
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the  screen  box.  Above  this  wheel  is  a  crank  to  drive  the 
screen  box.  As  shown  in  the  figure,  the  screen  box  rests  on 
four  double  cones,  which  are  supported  by  the  box  bed-plate. 
The  cones  roll  freely  in  a  prescribed  path,  and  the  guiding 
of  the  cone  is  done  by  ball-and-socket  joints  at  the  two  points 
of  the  cone,  as  shown  in  the  two  lower  views,  or  by  one  of 
the  two  arrangements  shown  in  the  two  upper  figures. 

These  screens  run  from  140  to  145  gyrations  per  minute. 
The  coal  is  fed  at  the  top  of  the  screen  box ;  the  smaller  sizes 
drop  through  the  openings,  allowing  the  larger  coals  to  come 
off  first. 

There  is  no  clogging  of  the  holes,  as  would  at  first  seem 
likely.  The  circular  form  of  the  holes  and  the  tendency  of 
the  pieces  of  coal  to  move  in  a  small  circle  cause  the  holes 
to  clear  themselves  without  difficulty. 


MACHINBRV  FOR  BRBAKING  THB  COAL. 

2848*  For  breaking  up  the  coal  two  methods  are  used. 
The  one  already  referred  to,  and  known  at  the  mines  as 
chipping^  is  where  the  lumps  are  large  and  the  pieces  of 
slate  attached  to  them  are  of  such  a  character  as  to  render 
it  economical.  The  larger  lumps  are  broken  by  hand,  the 
men  using  picks  made  for  that  purpose;  but  by  far  the 
larger  portion  of  the  breaking  is  done  by  rolls. 

2849.  The  rolls  used  in  breaking  coal  are  of  three 
kinds:  (1)  those  with  pointed  teeth;  (2)  those  with  the  con- 
tinuous teeth,  known  as  the  corrugated  rolls,  and  (3)  those 
known  as  the  saucer  rolls,  where  the  teeth  are  in  the  shape 
of  knife-blades.  i 

The  coal  is  generally  broken  by  two  or  three  sets  of  rolls,  j 

as  follows :  i 

1.  The  main  rolls  or  crushers,  often  called  the  lump-coal 

rolls. 

2.  The  prepared-coal    rolls,  often  called  the  monkey   or 

pony  rolls.  j 

3.  The  bony-coal  rolls,  used  to  break  up  the  bony  coal.  ! 

Some  collieries,  however,  have  rolls  for  breaking  lump  intc  | 

1 
I 
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steamer,  another  for  breaking  steamer  into  broken,  another 
for  breaking  broken  into  egg,  another  for  breaking  egg  into 
stove,  a  fifth  for  breaking  stove  intu  chestnut,  and  a  sixth 
for  breaking  chestnut  into  pea  coal. 

2850>  In  the  above  operation  all  sizes  are  made  below 
the  size  which  is  being  broken,  yet  the  most  economical 
method  is  to  break  any  size  as  nearly  as  possible  into  the  size 
immediately  below  it;  in  other  words,  it  is  more  economical 
to  break  lump  as  far  as  possible  into  steamer,  then  break 
steamer  as  far  as  possible  into  broken,  then  broken  into  egg, 
and  so  on,  each  time  taking  out  all  the  coal  below  the  size  to 
be  broken  before  passing  that  size  through  the  rolls. 

2851.  The  main  rolls,  or  crushers,  are  generally 
located  underneath  the  main  platform.  All  the  coal  that  does 
not  fall  through  the  main  bars  is  either  made  into  lump  coal 
or  passed  through  the  main  rolls.  Here  it  is  crushed  and 
passes  out  into  the  steamboat  screen,  where  the  steamboat- 
coal  is  taken  out. 

Fig,  102(i  shows  the  plan  a  and  side  view  i  of  a  set  of  main 
rolls,  or  crushers,  with  pointed  teeth.     These  rolls  are  plain 


cylinders,  made   either  of  cast  iron  or   steel  casting,  with 
hubs  Iwred  and  key-seated  to  receive  the  shafts. 

Formerly  the  rolls  consisted,  as  they  do  at  many  collieries 
yet,  of  four  cast-iron  spiders,   two   on   each  shaft.      These 
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spiders  are  keyed  to  the  shaft  and  covered  with  from  three 
to  four  cast-iron  segments,  which  are  bolted  to  the  spiders, 
each  segment  having  four  bolts,  two  at  each  end;  the  teeth 
are  usually  the  pyramidal  form,  cast  in  with  the  segment. 
The  great  trouble  with  this  kind  of  a  roll  is  that  when  one 
or  more  teeth  break  off  from  a  segment,  it  is  necessary  to 
throw  the  whole  segment  away,  it  having  become  useless. 
However,  these  segments  are  an  improvement  on  the  old 
style  of  rolls  that  were  cast  solid. 

The  latest  improvement  in  rolls  is  where  the  teeth  are 
made  of  steel  and  inserted  in  either  a  cast-iron  or  steel  cylin- 
der, as  shown  in  Fig  1026,  The  cylinders  are  turned  in  a 
lathe  and  the  holes  are  then  drilled  and  reamed  to  receive 
the  steel  teeth.  These  teeth  are  made  so  that  they  can  be  re- 
moved from  the  cylinder  and  sharpened,  or  new  ones  inserted, 

2852.  The  steel  roller  teeth  A  and  B,  Fig.  1027,  show 
the  latest  types  used  for  anthracite-coal  rolls. 

The  type  A  is  known  as  the  pyramidal  tooth.  Teeth 
of  this  type  are  made  in 
different  sizes  and  num- 
bered. When  the  pyra- 
midal part  of  the  tooth  ex- 
tends beyond  the  cylinder 
a  J  inches,  the  curved  part 
is  2|  inches  long,  and  H 
inches  wide  at  the  bot-  ' 
torn.  The  part  a  of  this 
tooth  projects  beyond  the  ' 

cylinder,  or  shell,  of  the 
rolls  and  aids  in  the  ex- 
traction of  the  tooth  after 
it  has  become  worn. 

The  type  B  is  known 
as  the  taawk  bill  tootb. 
Instead  of  havmg  the 
front  edge  of   the  tooth 

bent  near  the  point,  it  is  ^'°-  '""■ 

straight.      This  type  of  tooth  is  four-sided,  having  the  back 
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of  the  tooth  curved,  so  that  the  points  of  the  teeth  strike 
the  lumps  and  draw  them  into  the  rolls,  splitting  them  at 
the  same  time.  These  teeth  are  also  made  in  different  sizes 
and  numbered. 

Two  flat  places  a  are  provided  on  this  tooth  to  take  hold 
of  when  it  becomes  necessary  to  extract  it. 

2853.  The  bore  of  the  main  breaker  rolls  is  generally 
8  inches,  and  the  shafts  are  of  wrought  iron.  The  diameter 
of  the  fly-wheel  and  belt  pulley  and  length  of  driving-shaft  are 
made  to  meet  the  requirements  of  the  driving  power,  as  the 
speed  at  the  points  of  the  roller  teeth  should  be  about  1,000 
feet  per  minute.  The  average  sizes  of  these  rolls  are  from 
2  feet  9  inches  to  3  feet  6  inches  in  diameter,  and  from  3  to 
4  feet  long.  There  are  five  pedestals,  only  four,  however, 
being  shown  in  Fig.  1020,  and  they  are  generally  lined  with 
babbitt  metal. 

The  pedestals  rest  on  cast  beds,  which  are  provided  with 
adjusting  keys,  so  that  the  rolls  can  be  set  farther  apart  or 
closer  together,  to  increase  or  decrease  the  quantity  of  the 
larger  sizes  of  coal.  The  teeth  of  the  spur-gears  for  driving 
the  rolls  are  usually  3J-inch  pitch  and  8-inch  face.  The 
holding-down  bolts  are  1^  inches  in  diameter,  and  of  a  length 
to  suit  the  timbers  for  which  they  are  used.  The  rolls,  as 
shown,  are  enclosed  by  a  cast-iron  casing  called  a  bopper, 
so  arranged  that  it  can  be  very  readily  taken  apart. 

The  larger  sizes  of  coal  drop  through  the  meshes  of  the 
steamboat  screens.  The  over-supply  of  steamboat-coal  for 
market  and  the  coal  that  comes  out  of  the  end  of  the  mud 
screens  is  run  into  a  pair  of  rolls  known  as  the  prepared- 
coal  rolls,  or  monkey  rolls. 

2854.  Prepared-coal  rolls  differ  only  in  dimensions 
from  the  main  rolls.  The  usual  bore  of  the  prepared-coal 
rolls  is  5i  inches. 

The  diameter  of  the  fly-wheel  and  belt  pulley  and  the 
length  of  driving-shaft  are  made  to  meet  the  requirements 
of  the  driving  power,  as  the  speed  at  the  points  of  the 
roller  teeth  should  be  about  1,000  ft.  per  minute. 


§  25  OF  ANTHRACITE  MINES.  101 

The  teeth  of  the  spur-gearing  for  driving  these  rolls  are 
usually  3^-inch  pitch  and  7-inch  face. 

These  rolls  are  generally  19  inches  in  diameter  and  29 
inches  long. 

2855«  Bony-Coal  Rolls. — These  rolls  are  similar  in 
construction  to  the  main  and  prepared-coal  rolls,  although 
of  a  much  smaller  size  than  either,  and  are  used  to  break  up 
the  bony  coal  that  comes  from  the  pickings  of  broken,  egg, 
and  stove  coal.  They  are  run  at  a  much  higher  speed  than 
the  main  and  monkey  rolls,  the  speed  at  the  points  of  the 
roller  teeth  varying  from  1,300  to  1,800  feet  per  minute. 

2866.  Corrugated  Rolls.— Fig.  1028  shows  the  plan 
and  side  view  of  a  set  of  adjustable  corrugated  lump-coal 
and  steamboat  rolls. 

These  rolls  differ  from  those  already  described  in  the  form 
of  their  teeth  a,  which  are  continuous  from  one  end  to  the 
other.  There  are  no  points.  The  ends  of  the  teeth  are 
slightly  rounded,  and  the  parts  doing  the  work  are  cast  in 
chills,  so  as  to  give  greater  endurance.  The  teeth  are  cast 
in  one  piece  with  the  body  6  and  hubs  c  of  the  roll.  The 
hubs  are  bored  and  key-seated  to  receive  the  shaft  d.  There 
are  different  sizes  of  teeth,  according  to  the  size  of  the  coal 
that  is  to  be  made,  and  also  according  to  whether  the  rolls 
are  fixed  or  adjustable. 

2857.  By  fixed  rolls  are  meant  those  that  are  ar- 
ranged to  break,  the  sizes  successively.  In  such  a  case  it  is 
not  necessary  to  change  the  distance  between  the  centers 
of  the  shafts  of  the  rolls  after  the  proper  distance  for  most 
economical  breaking  has  once  been  determined. 

The  rolls  shown  in  Fig.  1028  have  an  arrangement  for 
changing  the  distance  between  them  while  they  are  run- 
ning. When  this  change  is  great,  it  is  necessary  to  use 
gear-wheels  of  greater  or  smaller  diameter. 

From  the  side  view,  it  will  be  noticed  the  pedestals  e  are 
made  so  as  to  remain  stationary.  The  frames  /  carrying  the 
bearings  for  the  right  roll  are  planed  and  rest  on  cast  beds^ 
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which  contain  planed  grooves,  as  shown  in  the  section  A  B, 
for  the  correspondingly  planed  surfaces  of  /  to  work  in. 
The  frames  /  also  carry  the  square  nuts  //  on  the  short  bevel- 
wheel  shafts  I.     The  bevel-gearing  on  these  shafts  gears 


with  that  of  J,  so  that  by  inserting  a  bar  in  the  hole  i-  the 

rii;l)t-hand  roll  can  be  moved  back  and  f<)rth. 

2858.  These  figures  also  show  a  safety  device  by  which 
breakage  of  either  the  teeth,  rolls,  or  gearing  is  prevented 
when  the  rolls  draw  in  material  too  hard  to  crush. 
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The  part  supporting  the  bearings  rests  against  an  elliptical 
shell  of  cast  iron  /  inserted  in  the  rectangular  opening,  as 
shown  in  the  figure.  This  elliptical  shell  is  made  thick 
enough  to  withstand  a  thrust  of  several  tons,  but  if  sub- 
jected to  a  greater  pressure  it  breaks  and  allows  the  rolls  to 
slide  farther  apart,  thus  relieving  them  of  all  strain.  This 
cast-iron  shell  is  quickly  replaced  by  removing  the  cap  w, 
covering  the  box  in  which  it  is  placed.  This  safety  device 
and  form  of  gearing,  by  which  the  distance  between  the  two 
rolls  can  be  varied  at  any  time,  is  also  used  on  rolls  with 
pointed  teeth. 

The  lump-coal  rolls  are  usually  made  26  inches  in  diam- 
eter from  tip  to  tip  of  teeth,  3  feet  long,  with  14  teeth.  The 
gearing  for  these  is  the  same  as  that  used  for  the  pointed- 
tooth  roll. 

2859.     Corrugated  Rolls  for  Broken  Coal. — The 

diameter  of  the  shaft  used  is  4^  inches,  and  of  the  rolls 
16  inches;  the  length  of  the  rolls  is  3  feet,  and  the  number 
of  teeth  20.  These  rolls  are  usually  run  about  205  revolu- 
tions per  minute.  The  result  sought  by  the  corrugated  rolls 
is  to  break  the  lump  into  two  pieces  of  nearly  the  same  size, 
and  for  this  reason  this  type  of  roll  is  used  to  break  the  one 
size  as  nearly  as  possible  into  the  next  size  below. 

2860*  Taper  rolls  are  a  modification  of  the  corrugated 
rolls  just  described,  and  are  used  when  a  small  quantity  of 
a  number  of  different  sizes  is  to  be  broken  up  at  once.  At 
the  upper  or  larger  end  the  rolls  will  take  steamboat;  a  little 
farther  from  the  end  they  will  take  broken ;  a  little  farther, 
^g&>  ^^^  still  farther,  stove.  When  the  coal  to  be  broken 
up  is  of  different  sizes  and  the  quantity  not  large,  these  rolls 
may  be  economical. 

2861.  Saucer  Rolls. — Fig.  1029  shows  the  plan  and 
side  view  of  a  set  of  saucer  rolls.  There  are  very  few  rolls  of 
this  type  in  use,  but  where  they  are  used  they  are  applied 
principally  to  break  up  the  bony  coal.     As  shown  in  the 
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fi^'urc,  they  are  tr.a'ie  up  "f  two  5. lucer -shaped  parts,  a  and  A, 
whi.  fa  arc  kevc!  t'>  the  shafts  c  and  </.  T>  these  shafts  are 
»;*>  keyed  tr-.e  Vlt  wheeis  (•  and  /.  which  are  use"!  ti>  turn  a 
and  ^  in  "pp-iiie  d:re<-:i'->ns.  The  parts  a  and  d  are  drilled 
*>  as  to  rei-eive  the  teeth,  which  are  in  the  form  of  a  knife- 
blade,  made  uf  steel  and  b'lted  to  a  and  i.    The  part  ^,  be- 
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ir-shaped  parts,  is  known  as  the  breaking 
dc  of  cast  iron,  and  has  of)enings  on  each 
le  teeth  to  pass.  The  coal  is  fed  on  the 
n  by  the  arrow  //,  and  broken  by  the  teeth  as 
oles.  The  coal  is  delivered,  as  shown  by  the 
the  hopper  located  underneath  the  rolls. 
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MACHINERY    FOR    SEPARATING    THB    »LATB    FROM    THB 

COAL.. 

2862*  One  of  the  oldest  methods  of  separating  the  slate 
from  the  coal,  and  which  is  still  in  use,  is  by  hand-picking. 
The  coal  and  slate  are  allowed  to  slide  down  an  inclined 
chute,  along  one  or  both  sides  of  which  boys  and  old  men 
too  feeble  to  perform  hard  labor  are  seated ;  or,  in  many 
cases,  the  slate  picker  sits  astride  the  chute  on  a  board  seat 
and  controls  the  flow  of  the  coal  with  his  feet.  There  are 
several  objections  to  this  method.  When  a  large  quantity 
of  coal  is  passing,  the  slate  picker  can  really  pick  out  only 
the  slate  on  top,  much  slate  being  hidden.  Another  objec- 
tion is,  one  and  the  same  piece  of  coal  having  a  slaty  appear- 
ance may  be  picked  up  by  each  slate  picker  in  succession 
and  returned  to  the  chute.  For  these  reasons,  different 
types  of  picking  chutes  have  been  introduced. 

As  already  explained,  on  account  of  the  way  the  coal  and 
slate  break  up,  together  with  the  different  velocities  with 
which  they  slide  down  an  inclined  chute,  numerous  automatic 
slate  pickers  have  been  invented.  The  slate-picker  screen, 
which  has  already  been  described,  is  among  the  first  and  the 
best. 

2863.  The  picker  shown  in  Fig.  1030  is  known  as  the 
Houser  slate  picker,  and  consists  of  a  number  of  separa- 
ting bars  a,  as  shown  in  the  top  view  A  and  the  side  eleva- 
tion B.  These  bars  are  4^^  feet  long,  and  taper  from  1| 
inches  to  J  of  an  inch.  They  are  spaced  to  suit  the  size  of 
the  coal  to  be  handled,  and  are  placed  one  above  the  other. 
The  one  below  is  set  so  as  to  be  in  the  center  of  the  space  of 
the  two  above,  as  shown  in  the  top  view  A.  A  punched  cor- 
rugated plate  d  is  placed  at  the  upper  end  of  the  bars.  The 
holes  in  it  let  the  fine  dirt  through.  The  corrugations  are 
V-shaped  and  quite  deep.  At  the  lower  end  of  the  bars  are 
adjustable  plates  d  and  r,  so  arranged  as  to  catch  the  coal 
which  drops  off  the  ends  of  the  bars. 

The.  coal  to  be  cleaned  is  received  from  the  screens  upon 
the  inclined  plate  c,  from  which  it  slides  down  over  the  cor- 
rugated plate  d  to  the  separating  bars  a. 
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As  the  coal  and  slate  pass  over  the  corrugated  plate  the 
slate  is  turned  up  on  its  edge,  is  fed  into  one  of  the  spaces 
between  the  bars,  and  meets  with  a  greater  resistance  as  it 
moves  along  than  the  coal;  consequently,  the  coal  jumps 
farther  beyond  the  end  of  the  bars  than  the  slate  does.     The 


slide  <■  is  then  adjusted  to  catch  the  coal  and  miso  the  slate 
which  has  not  dropped  through  the  spaces  between  the  bars. 

2864.  Fig.  1031  shows  a  sectional  side  elevation  A  and 
a  top  view  /f  of  the  HerrliiK  wcporotor,  which  consists 
essentially  of  thi;  feed  wheel  n,  the  adjustable  chute  f>.  and 
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the  adjustable  plate  c.  The  feed  wheel  a  is  adjustable  ver- 
tically, that  is,  it  can  be  raised  or  lowered,  and  is  driven  by 
a  belt  which  runs  on  the  pulley  d.  The  adjustable  chute  b 
is  hinged  al  e,  and  can  receive  different  degrees  of  inclination 
by  means  of  the  pin/". 

As  shown  in  A,  the  chute  b  has  the  different  inclined 
plates^,  h,  i,  and  J.  Theplate^isset  upon  a  pitch  of  8  inches 
to  the  foot ;  the  plate  //  at  5^  inches ;  the  plate  i  at  still  less, 
and  the  plate/  at  2  inches.     The  plate  £  is  so  arranged  that 


Pic.  1031. 
it  can  be  moved   back  and  forth  by  the  lever  k,  so  as  to 
adjust  the  opening  for  the  slate  to  drop  into. 

The  mixture  of  coal  and  slate  coming  from  the  screen  is 
received  upon  the  perforated  plate  /,  from  which  it  passes  to 
the  feed  wheel  a.  This  wheel  delivers  the  coal  and  slate 
in  irregular  quantities  to  the  inclined  chute  b,  down  which 
it  slides  with  a  velocity  proportional  to  its  frictional  resist- 
ance, the  slate  sliding  much  slower  than  the  cOal.  The 
coal  acquires  sufficient  velocity  to  jump  the  gap  between  the 
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platey  and  the  adjustable  plate  r,  while  the  slate  meets  with 
greater  resistance  and  moves  with  less  speed;  consequently, 
the  slate  falls  short  of  the  plate  r,  and  drops  into  the  opening 
which  leads  to  the  slate  hopper. 

2865.  Another  method  very  similar  to  the  one  just  de- 
scribed, and  which  has  been  previously  referred  to,  is  where 
the  coal  and  slate  are  allowed  to  slide  down  a  chute  in  which 
is  located  a  sandstone  slab  which  is  rougher  than  the  ordi- 
nary chute  plate.  There  is  a  gap  at  the  end  of  the  slab, 
over  which  the  coal  jumps  by  virtue  of  the  greater  velocity 
acquired  in  sliding  down  the  chute,  while  the  slate,  moving 
at  a  much  less  velocity,  drops  into  the  opening. 

2866.  Coal  Jifi:s. — All  the  above  methods  of  separa- 
tion are  used  where  the  coal  is  comparatively  dry.  Where 
the  coal  is  wet  and  dirty  as  it  comes  from  the  mines,  what 
is  known  as  Jlsruringr  is  resorted  to. 

In  jigging,  the  result  is  twofold;  it  washes  the  coal  and 
separates  the  slate  from  the  coal. 

The  separation  is  due  to  the  difference  in  the  specific 
gravities  of  the  coal  and  the  slate.  The  average  specific 
gravity  of  anthracite  coal  is  1.473,  while  the  average 
specific  gravity  of  slate  is  about  2.5. 

The  coal  and  slate  are  fed  into  water-tight  tanks.  Cer- 
tain laws  govern  the  fall  of  bodies  in  water,  and  in  order  to 
apply  these  laws  an  arrangement  is  adopted  whereby  the 
particles  are  repeatedly  brought  into  suspension  and  allowed 
to  drop  again;  in  other  words,  a  series  of  blows  must  be  im- 
parted whose  magnitude  must  diminish  with  the  size  of  the 
particles.  The  machine  used  for  this  purpose  is  known  as 
the  Jig. 

In  the  anthracite  region  two  types  of  coal  jigs  are  in  use: 

1.  The  piston  jig,  with  fixed  perforated  plate  bottom. 

2.  The  movable  pan,  with  perforated  bottom. 

2867.  To  secure  a  complete  separation  of  the  refuse  from 
the  coal  in  either  of  the  above  types  of  jigs,  it  is  absolutely 
necessary  (1)  to  have  the  material  to  be  jigged  of  uniform 
size  and  shape,  and  (2)  to  feed  the  jigs  slowly  and  regularly. 
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Before  being  jigged  the  coal  is  separated  into  the  various 
commercial  sizes :  egg,  stove,  chestnut,  pea,  and  buckwheat. 
The  sizes  above  and  below  these  are  never  jigged. 

Screening  does  not  produce  a  uniform  size,  for  anthracite 
coal  breaks  into  fragments  of  almost  every  conceivable  shape, 
and  in  any  standard  size  there  are  pieces  that  weigh  three 
or  four  times  as  much  as  the  smallest  pieces.  It  therefore 
follows  that  sizing  by  screening  does  not  altogether  satisfy 
the  first  requirement.  Again,  since  much  of  the  slate  occurs 
in  flat  pieces,  they  are  easily  buoyed  up  by  the  water  and 
pass  over  with  the  coal.  Jigging  coal  in  the  anthracite 
region  is  rarely  a  cheap  process.  At  a  large  number  of 
mines  the  coal  must  be  washed  and  jigged  with  mine  water 
that  is  strongly  acid ;  and  the  parts  of  the  machinery  exposed 
to  the  action  of  this  water  are  rapidly  corroded,  so  that 
repairs  are  constantly  needed.  The  cost  of  jigging  coal  is, 
therefore,  greatly  increased  by  the  necessity  of  using  mine 
water.  In  many  cases,  however,  the  washed  product  is 
more  readily  salable  than  the  unwashed. 

2868.  Pig.  1032  shows  a  side  view  A  and  plan  B  oi  sl 
piston  Jiff.  This  jig  is  a  modification  of  a  number  of  jigs  in 
use,  and  consists  of  a  water-tight  tank  divided  by  the  cast-iron 
partition  a  into  two  compartments  d  and  c  of  unequal  size. 
The  tank  is  lined  with  tongued  and  grooved  floor  boards 
and  the  compartments  b  and  c  with  iron  plates.  The  bot- 
tom of  the  larger  compartment  i  is  slightly  inclined  towards 
or  away  from  the  slate-discharge  gate,  usually  f  of  an  inch 
to  the  foot,  and  covered  with  a  perforated  plate  d^  supported 
by  the  bar  e  in  the  center,  and  by  supports  bolted  to  the 
side.  The  size  of  the  openings  in  the  plate  depends  upon 
the  size  of  the  coal  to  be  jigged;  usually  the  openings  are 
circular,  although  for  the  larger  sizes  oblong  openings  are 
sometimes  used,  having  the  longest  dimension  of  the  open- 
ing in  the  direction  in  which  the  coal  moves. 

The  coal  is  fed  upon  the  perforated  plate  d  at/",  the  in- 
ward flow  being  regulated  by  the  adjustable  plate  ^,  which 
is  put  with  its  lower  end  as  near  the  bottom  of  the  jig  as  is 
consistent  with  a  free  discharge  of  the  coal  to  be  jigged. 
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The  smaller  compartment  r,  which  is  less  than  half  the  size 
of  the  first,  communicates  with  it  across  its  whole  width  at 
the  bottom,  and  serves  as  a  working  barrel  for  a  floating 
piston  //.  To  guide  the  water  from  the  piston  to  the  jig,  a 
semicircular  row  of  planks  is  put  in.  These  need  not  be 
absolutely  water-tight,  as  they  are  intended  simply  to  direct 
the  current. 

The  piston  //  consists  of  a  double  row  of  planks  placed  as 
shown  in  the  side  view  A^  which  are  either  nailed  or  bolted 
to  the  parts  i  andy.  The  lower  part  k  of  the  piston-rod  is 
made  of  cast  iron  and  bolted  to  //,  and  is  connected  to  the 
upper  part  /  by  means  of  a  3*  X  ^^  oak  piece  ;;/. 

The  piston  receives  its  motion  from  cams  keyed  to  the 
revolving  shaft  «,  which  is  geared  to  the  driving-shaft  o  by 
means  of  the  elliptical  gear/. 

The  object  of  this  gear  is  to  force  the  piston  rapidly  down, 
thereby  lifting  the  coal  quickly  and  allowing  it  to  settle 
slowly,  for  the  upward  motion  of  the  piston  is  at  a  much  less 
speed  than  the  downward.  In  using  a  single  pair  of  ellipti- 
cal gears  for  a  quick  return,  it  is  well  not  to  have  the  ratio  of 
the  forward  motion  to  the  return  greater  than  1  :  3. 

The  coal,  in  rising  on  the  downward  motion  of  the  piston, 
is  skimmed  off  by  a  series  of  flat  strips  of  iron  carried  on  two 
rows  of  Ewart  link-belt  chain  running  over  g. 

As  the  coal  is  scraped  up  the  incline  r,  the  water  drains 
back.  The  top  s  of  the  inclined  plane  r,  which  inclines 
slightly  towards  the  jig,  is  flat  and  covered  with  iron.  The 
coal  here  forms  a  pile,  and  the  water  drains  from  it  back  to  the 
jig.  As  each  successive  quantity  of  coal  is  brought  by  the 
flights  on  the  chain,  .  it  pushes  a  corresponding  quantity, 
which  has  been  drained,  off  the  other  side  o  down  the  chute, 
where  it  goes  either  to  the  picking  chute  to  be  picked  or 
directly  to  the  pocket,  if  it  is  (a^  in  the  case  of  small  sizes) 
already  clean  enough.  The  slate,  being  heavier  than  the  coal, 
falls  to  the  bottom  and  is  discharged  through  the  opening  /. 
This  opening  is  regulated  by  elevating  or  depressing  the 
plate  w,  which  is  so  arranged  as  to  allow  the  largest  pieces 
of  slate  to  pass  under  it.     The  gate  v  generally  remain:; 
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open,  but  can  be  closed  by  the  lever  attached  to  the  bell- 
crank  w.  Outside  of  this  is  a  cast-iron  flat  pipe,  or  slate 
hopper,  X,  which  is  closed  by  the  wedge-shaped  slide  y,  upon 
the  upper  surface  of  which  is  a  piece  of  oak  z.  The  slide  y 
moves  in  a  casting  a\  which  has  a  tapered  groove  on  each 
side  When  the  slide  y  is  pushed  through  the  opening  in  a\ 
the  wedging  action  of  the  taper  grooves  forces  the  wood 
against  the  face  of  a\  This  makes  an  excellent  gate  for 
closing  the  hopper,  allowing  neither  water  nor  slate  to  escape. 

The  gate  v  is  closed  by  forcing  it  up  in  the  frame.  This 
cuts  off  both  the  water  and  slate  from  the  hopper  x.  When 
this  has  been  done  y  is  drawn  out,  the  water  and  slate  drop 
out,  and  whatever  coal  may  have  come  with  the  slate  is 
picked  out.  The  slate  is  then  run  either  directly  to  the  slate 
hopper  by  means  of  a  chute,  or  conveyed  away  by  an  elevator 
or  system  of  drags. 

At  b'  there  is  an  arrangement  known  as  the  sluali  box, 
which  lets  out  the  slime  and  flne  coal  which  accumulate  in 
the  bottom  of  the  jig.  This  is  arranged  so  as  not  to  let  out 
too  much  water  at  one  time.  The  gates  c'  and  d*  are  similar 
to  the  gate  y  on  the  slate  hopper  ;r,  so  that  by  keeping  c' 
closed  and  opening  d'  a  certain  quantity  of  the  deposit  moves 
down  upon  c' ;  d'  is  then  closed  and  c'  opened,  which  allows 
this  certain  quantity  to  escape. 

The  jig  pulleys  e'  and/'  are  driven  by  pulleys  from  a  line 
shaft  in  the  breaker,  and  are  of  such  dimensions  as  to  give 
the  proper  speed  to  the  piston  and  the  line  of  scrapers. 

2869.  Fig.  1033  shows  the  plan  A^  the  side  view  B,  and 
the  end  view  C  oi  a  jig  with  a  movable  pan  bavins  a 
perforated  bottom.  The  action  of  this  jig  is  the  same 
as  the  one  already  described,  for  in  every  case  the  object  de- 
sired is  to  produce  an  upward  current.  The  whole  pan  in 
this  case  acts  as  a  piston. 

From  A,  B^  and  C,  it  will  be  noticed  that  this  jig  is  a  water- 
tight tank.  This  tank  occupies  a  space  8  feet  X  8  feet  X 
8  feet,  equal  to  an  8-foot  cube,  and  is  made  of  2^-inch  white- 
pine  plank,  with  braces  5  inches  X  6  inches,  standards  8 
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inches  X  8  inches,  sills  6  inches  X  8  inches,  top  caps  8  inches  x 
12  inches,  all  of  white  pine,  making  it  amply  strong  and 
durable.  Within  the  tank  is  the  jig  pan  b.  This  pan,  as 
shown,  is  made  almost  in  the  form  of  a  complete  circle, 
except  at  r,  where  the  coal  passes  through  the  opening  in 
the  front  of  the  pan  down  into  the  coal  elevator  d.  From 
the  side  view  B^  it  will  be  noticed  that  the  jig  pan  b  is  made 
so  as  to  be  slightly  inclined  towards  the  coal  elevator  d. 
This  allows  the  slate  that  accumulates  in  the  bottom  of  the 
pan  to  move  towards  the  discharge  gate  e^  and  the  coal  to 
overflow  at  c. 

The  pan  in  many  cases  is  cast  in  one  piece,  but  where 
mine  water  is  used  in  the  jig  tank  it  does  not  take  long  for 
the  circular  holes  to  become  so  enlarged  as  to  make  the  en 
tire  pan  worthless.  To  overcome  this,  the  bottom  is  made 
of  a  number  of  plates  which  are  bolted  to  ribs  that  radiate 
from  the  center.  These  plates,  after  they  are  worn  out,  can 
be  very  readily  replaced  by  new  ones.  From  A  and  B^  it  is 
seen  that  the  pan  b  is  made  up  of  two  parts. 

The  sides  of  the  pan  proper  are  cast  in  one  piece  with  the 
bottom,  having  the  slate  pocket,  with  gate  e^  bolted  to  the 
bottom ;  the  height  of  the  sides  is  shown  by  the  dotted  line 
in  view  B,  The  pan  proper  is  surrounded  by  a  heavy  piece 
of  sheet  iron  /,  which  is  bolted  to  the  pan  as  shown  in  A ; 
this  is  used  to  prevent  the  coal  from  escaping  over  the  rim 
of  the  pan. 

To  keep  the  pan  in  position  in  its  up-and-down  motion, 
the  shoes  s^  which  move  up  and  down  on  the  guides  a^  are 
bolted  to  the  pan  on  each  side. 

The  pan,  or  piston,  b  is  suspended  in  the  tank  from  the 
line  shaft  h  of  the  small  engine  i  2Xj.  This  engine,  which 
is  vertical,  has  a  C-inch  cylinder  and  8-inch  stroke.  The 
idea  of  using  a  separate  engine  for  a  jig  is  to  give  the  person 
who  is  operating  the  jig  complete  control  over  it  in  its  sep- 
aration of  slate  from  the  coal,  no  matter  how  fast  or  how 
slow  the  coal  is  passing  through  the  breaker.  If  the  breaker 
is  pressed  with  a  large  quantity  of  coal,  the  speed  of  the 
machinery  is  naturally  slackened,  and  a  jig  running  with 
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belting  and  gearing  has  its  speed  also  slackened  just  at  a 
time  when  the  jig  should  be  run  fast,  to  secure  perfect  sepa- 
ration and  do  its  work  properly. 

As  shown  aty,  the  engine  shaft  is  made  so  as  to  act  as  an 
eccentric.  The  side  view  B  shows  how  the  pole  k  of  the  pan 
is  coupled  to  the  shaft  h  of  the  engine  i.  The  connecting- 
rod  /,  which  is  bolted  to  the  engine  shaft,  is  joined  to  the 
pole  k  of  the  pan  by  the  pin  f«,  thus  furnishing  a  hinge 
joint.  In  the  center  of  the  pan  there  is  a  tapering  hole, 
into  which  the  pole  k  is  inserted  and  keyed,  as  shown  at  u. 
To  the  bottom  of  the  pan  the  slate  pocket  is  bolted, 
having  the  slate  discharge  gate  €  operated  by  the  bell- 
crank  V,  The  part  w  supporting  the  bell-crank  v  is  bolted 
to  the  pan  b.  The  lever  jr,  in  connection  with  j/,  operates 
the  crank  v.  To  the  shaft  //  is  keyed  the  gear-wheel  «, 
which  gears  with  the  wheel  o,  keyed  to  the  shaft/.  To 
the  shaft  /  is  keyed  the  worm-gear  q^  which  in  turn  gears 
with  the  wheel  r  keyed  to  the  shaft  s.  .To  this  shaft  s  are 
keyed  the  sprocket-wheels  for  the  coal,  elevator  d  and  the 
slate  elevator  t. 

In  many  cases  friction-gearing  is  used  instead  of  toothed 
gearing. 

The  bottom  of  the  tank  is  built  as  shown  in  the  side  view  B 
and  the  end  view  C\  the  bottom  is  inclined  so  that  the  waste 
coming  from  the  coal  will  slide  down  to  the  slate  elevator  /. 
The  arrangement  shown  at^  is  used  for  discharging  the  tank. 

The  operation  of  the  jig  may  be  explained  thus:  The  coal 
and  slate  to  be  separated  are  delivered  in  the  perforated 
pan  by  which  moves  up  and  down  in  the  tank  filled  with 
water  at  the  rate  of  180  times  a  minute. 

By  this  movement  the  water  coming  through  the  holes  in 
the  pan  creates  an  upward  current,  and  causes  the  coal  to  rise 
and  gradually  travel  towards  r,  where  it  passes  through  the 
opening  in  front  of  the  pan  down  into  the  coal  elevator  d^ 
by  which  it  is  elevated  to  a  chute  leading  to  the  coal  pocket 
or  to  the  place  where  it  is  to  be  picked. 

The  slate  being  much  heavier  than  the  coal  sinks  to  the 
bottom  of  the  pan,  and  gradually  works  its  way  to  the  front 
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of  the  pan  into  the  slate  pocket,  and  is  discharged  into  the 
slate  elevator  t  through  the  gate  e. 


2870.     Fig.  lli:J4  shows  another  type  of  jig  with  a  mov- 
aljle  pan ;  but  the  pan,  Instead  of  being  circular,  like  the  one 
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just  described,  is  rectangular.  This  type  of  jig  is  known  as 
the  Clirist  patent  coal  Jig*  The  figure  shows  a  plan  A 
and  a  side  view  B.  This  jig  has  been  introduced  into  the 
anthracite  coal  region  since  the  beginning  of  the  year  1895, 
and  at  the  present  time  over  fifty  of  them  are  in  operation. 
The  machine  is  enclosed  in  a  water-tight  tank  11  feet  long, 
5  feet  4  inches  wide,  and  6  feet  9  inches  high.  The  lining  a 
of  the  tank  consists  of  white-pine  plank  well  corked,  so  as  to 
prevent  leakage.  Inside  of  this  lining  is  another  lining  d  of 
tongued  and  grooved  pine  floor  boards.  The  tank  has  an 
inclined  floor  c  leading  to  the  front  and  from  both  sides  into 
a  cast-iron  boot  d,  placed  at  the  bottom  and  to  the  front  of 
the  wooden  tank. 

287 1  •     The  principal  mechanism  of  the  machine  consists 
of  a  cast-iron  jig  box  Z>,  a  longitudinal  section  of  which  is 


Fig.  1036. 

shown  in  Fig.  1035,  which  is  placed  inside  of  the  wooden  tank, 
so  that  the  rear  end  is  at  a  slight  distance  from  the  inner 
surface  of  the  tank,  and  the  top  is  about  12  inches  from  the 
top  of  the  tank  timbers.  The  jig  box  is  provided  on  each 
side  with  two  guides  e  (four  in  all),  which  are  secured  to  the 
box  by  means  of  bolts  on  the  extension  plates  /  in  such  a 
way  as  to  incline  the  box  towards  the  front  end  of  the  tank. 
Corresponding  with  these  guides  are  similar  ones  £•  which 
rest  on  plates,  and  which  are  in  turn  fastened  to  the  timbers 
of  the  tank  so  as  to  make  the  guides  ^  stationary,  while  the 
guides  e  are  adjusted  to  move  up  and  down  by  means  of 
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eccentrics  //  on  the  main  shaft  /.  The  shaft  ;  is  connected 
with  an  engine  y,  of  about  12  horsepower,  fitted  with  a 
governor  and  with  the  necessary  oil-cups. 

To  the  front  and  at  the  bottom  of  the  box  Z^  is  a  pivoted 
adjustable  gate  E^  which  is  raised  or  lowered  by  means  of  a 
hooked  screw  k.  The  front  wall  /  of  the  box,  Fig.  1035, 
does  not  extend  up  as  high  as  the  sides,  but  forms  an  open- 
ing, at  the  sides  of  which  is  pivoted  a  discharge  chute  F 
having  a  perforated  bottom. 

The  main  bottom  of  the  box,  which  does  not  extend  quite 
to  the  front,  is  likewise  perforated,  as  is  also  the  bottom  of 
the  pivoted  gate  E,  On  the  inside  of  the  front  wall  /  of  the 
box,  between  the  front  wall  and  ribs  cast  on  the  side  walls, 
is  a  secondary  plate  ;//,  which  is  vertically  adjusted  by  means 
of  the  screws  ;/,  riveted  to  the  plate.  The  screws  n  and  k 
are  regulated  by  means  of  the  shafts  o  and  /,  on  which  are 
fitted  worms  gearing  with  worm-wheels  on  the  screws  n  and 
k^  which  are  fitted  to  arms  q  and  r.  At  the  tear  end  of  the 
jig  box  is  a  cast-iron  division-plate  s  riveted  to  the  side  walls 
of  the  box.  This  plate  does  not  extend  quite  to  the  bottom, 
but  acts  as  a  partition  between  the  two  main  chambers  G 
and  H,  Above  the  box  proper  and  riveted  to  its  sides  is  a 
receiving  hopper  /. 

A  little  to  the  rear  of  the  center  of  the  box  on  both  sides 
are  sockets,  into  which  extend  the  eccentric  arms  /,  the  tops 
of  which  are  supported  by  the  eccentrics  //  fitted  to  the  main 
shaft  /,  the  bottoms  being  supported  by  the  pins  u  passing 
through  the  sockets. 

2872.     The     Operation     of    the     Machine. — The 

wooden  tank  is  filled  with  water  to  a  depth  not  quite  suffi- 
cient to  cover  the  jig  box  entirely  when  at  its  highest  posi- 
tion, but  completely  submerging  it  when  at  its  lowest  point. 
The  engine  which  revolves  the  shaft  i  is  put  in  motion, 
and  this  in  turn  operates  the  eccentrics  //  fastened  to  the 
eccentric  arms  /.  The  eccentric  arms  give  the  box  a  recip- 
rocating motion,  which  agitates  the  body  of  water  in  the 
tank.     As  the  box  reciprocates,  it  causes  the  guides  r  which 
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are  fastened  to  it  to  move  up  and  down  on  their  ways  g. 
The  coal  and  slate  or  other  material  to  be  jigged  is  brought 
by  some  convenient  means  to  the  hopper  /,  and  passes  down 
through  the  receiving  chamber  G  to  the  bottom  of  the  box. 
The  plate  s  prevents  the  entering  material  from  spreading 
over  the  entire  surface  of  the  box,  as  it  would  otherwise 
do ;  it  tends  to  keep  the  material  confined  in  a  small  space. 
As  a  consequence  of  this  the  coal  and  slate  separate,  the 
heavier  slate  falling  to  the  bottom.  All  the  material  then 
passes  through  under  the  plate  s  into  the  second  or  jigging 
chamber  H. 

In  this  chamber  the  material  forms  itself  into  two  distinct 
layers  by  virtue  of  the  difference  of  their  specific  gravities, 
the  heavier  material  or  slate  passing  to  or  remaining  at  the 
bottom  and  the  lighter  material  or  coal  passing  to  the  top. 
The  slate  at  the  bottom  forms  a  layer,  the  overlapping  pieces 
and  the  perforations  of  the  bottom  plate  being  to  the  jig 
what  the  valves  are  to  a  pump ;  that  is,  when  the  box  de- 
scends these  laps  open  slightly,  permitting  the  water  to  pass 
through  and  leave  the  lighter  material,  and  when  the  box 
rises,  the  water  is  partially  prevented  from  passing  down 
through  the  material.  The  material  having  formed  into 
layers,  the  next  important  matter  is  the  limitation  and 
drawing  off  of  these  layers.  The  two  layers  pass  to  the 
front,  where  the  heavier  material  falls  through  the  opening 
of  the  bottom  jig  box  into  the  pivoted  discharging  recep- 
tacle E.  This  gate,  or  receptacle,  being  adjusted  by  the  rods 
k^  can  be  regulated  by  the  shaft  /  while  the  machine  is  in 
motion,  so  that  the  adjustment  can  be  of  the  greatest  deli- 
cacy. The  secondary  plate  in  on  the  inner  wall  of  the  box 
is  adjusted  in  the  same  way,  and  is  used  to  increase  or 
diminish  the  size  of  the  opening  through  which  the  slate 
passes  from  the  jigging  receptacle  to  the  slate  discharge 
gate.  The  plate  is  useful  for  accommodating  the  different 
sizes  of  material  (that  is,  one  size  at  a  time ;  for  instance,  if 
the  jig  is  working  on  stove  coal,  it  can  be  adjusted  to  take 
chestnut  coal  or  pea  coal,  but  not  at  the  same  time  that  it  is 
taking  stove  coal)  and  also  for  assisting  the  gate  E, 
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It  will  be  noticed  that  this  gate  E  can  be  raised  to  such 
an  extent  that  there  will  not  be  any  material  whatever  pass- 
ing over  it ;  or  it  can  be  lowered  to  such  an  extent  that  all 
the  material  passing  to  the  front  of  the  jig  will  escape 
through  it;  or  it  can  be  placed  at  any  intermediate  point, 
so  that  whatever  the  material  to  be  jigged  the  height  of  the 
front  of  this  gate  determines  the  weight  of  the  refuse  that 
it  will  take  out. 

If  it  is  high  it  will  take  out  only  the  very  heavy  material, 
and  if  lower  it  will  take  out  lighter  material.  The  object  is 
to  have  the  front  of  the  gate  at  just  such  a  point  that  the 
slate  or  heavy  material  will  pass  over  it  and  the  light  ma> 
terial  or  coal  remain  in  the  receptacle  //,  until  it  rises  high 
enough  to  pass  over  the  shortened  front  wall  of  the  box  and 
into  the  pivoted  chute  F. 

2873«  An  essential  point  in  jigging  is  that  there  should 
be  a  continuous  slate  layer  at  the  bottom,  and  that  this  should 
not  be  varied  much.  It  will  be  noticed  that  this  is  accom- 
plished by  having  the  front  of  the  slate  gate  always  above 
the  bottom  of  the  jig  box,  thus  insuring  a  constant  layer. 
The  top  of  the  slate  gate  determines  or  rather  marks  the  line 
of  separation,  or  that  line  where  the  slate  layer  and  the  coal 
layer  meet.  The  coal,  after  passing  into  and  over  the  chute 
Fy  is  taken  into  a  second  chute  at  its  front,  which  leads  into 
an  elevator  boot  v  at  the  front  and  about  half-way  from  the 
top  of  the  tank.  The  coal  elevator  J  takes  the  coal  from 
this  boot  and  conveys  it  into  a  chute  which  leads  to  the  stor- 
age pocket.  The  slate,  after  leaving  the  slate  gate,  falls  onto 
the  inclined  floor  of  the  tank,  and,  together  with  some  coal 
dirt  that  passes  through  the  perforations,  is  taken  into  the 
elevator  K  to  the  front  and  at  the  bottom  of  the  tank.  The 
elevator  K  takes  it  from  here  to  the  refuse  chute.  The  ele- 
vators J  and  K  are  operated  by  means  of  the  two  sprocket- 
wheels  w  and  X,  one  on  the  main  shaft  i  and  the  other  on 
the  elevator  shaft. 

It  is  necessary  to  slush  the  tank  several  times  during  a 
day,  in  order  to  take  the  dirty  water  off  and  to  loosen  the 
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dirt  that  might  accumulate  on  the  floor  of  the  tank.  For 
this  purpose  a  slush  gate  is  provided  on  the  bottom  of  the 
slate-elevator  boot  d. 


2874.  Where  coal  jigs  are  used,  more  especially  in  jig- 
ging chestnut  coal,  very  light  slate  is  buoyed  up  by  the 
water  and  carried  out  with  the 
coal.  This  slate  is  removed  by 
the  slate  picker  shown  in  Fig. 
1036,  which  is  placed  in  the  chute 
leading  from  the  coal  elevator. 

Where  stove  and  ^%%  coal  are 
jigged,  the  coal  after  leaving  the  jig 
is  hand  picked  by  men  and  boys. 

The  slate  picker  shown  in  Fig. 
1036  is  made  of  iron  cast  in  one 
piece,  and  consists  essentially  of  a 
series  of  V-troughs,  one  side  a  of 
the  V  being  shorter  and  at  right  ^»o-  ^oae- 

angles  to  the  other  side  b.  The  lower  half  of  the  casting 
has  a  taper  slit  c  in  the  short  side.  The  slit  is  so  arranged 
that  anything  lying  on  the  long  side  of  the  trough  and  of 
not  too  great  height  can  slide  out  through  it.  Any  lump 
which  is  thicker  than  the  height  of  the  slit  will,  of  course, 
be  retained  in  the  trough.  The  slits  widen  as  they  approach 
the  lower  end,  and  the  part  of  the  casting  below  the  cross- 
bar d  hangs  freely,  so  that  there  is  nothing  to  stop  a  lump 
from  sliding  through  the  slit.  As  the  coal  and  slate  come 
down  the  chute,  each  lump  places  itself  in  one  or  the  other 
of  the  grooves  or  troughs,  which  are  made  a  little  wider 
than  the  largest  lump  of  the  size  for  which  the  slate  picker 
is  to  be  employed.  As  the  lumps  slide  down,  all  the  flat 
pieces  tend  to  pass  T)ut  through  the  slit  on  the  side,  while 
cubical  lumps  go  over.  Should  a  piece  catch  in  the  slit  in 
consequence  of  the  increase  in  height  towards  the  end,  some 
of  the  pieces  which  follow  will  generally  knock  it  loose,  so 
that  it  does  not  remain  and  block  the  slits. 

The  size  and  taper  of  the  slit,  the  pitch  of  the  picker,  the 
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width  of  the  troughs,  and  the  length  of  the  upper  and  lower 
portion  of  the  casting  vary  with  the  size  of  the  coal  and 
the  nature  of  the  slate.  This  class  of  slate  picker  is  some- 
times used  for  the  larger  coal,  such  as  broken  and  egg.  It 
is  also  used  where  there  is  a  great  amount  of  flat  coal, 
which,  while  unsightly  and  unmarketable  in  its  flat  shape, 
is  nevertheless  pure  coal.  In  this  case  the  flat  slate  and  coal 
coming  from  this  picker  is  run  to  a  separate  set  of  rolls  and 
broken  into  smaller  sizes. 


MACHINERY  FOR  CONVEYING  THE  COAL  IN  THE  BREAKER. 

2875.  This  is  a  class  of  machinery  that  is  generally  used 
for  changing  the  position  of  the  coal,  although,  as  was 
shown  in  Fig.  1024,  a  part  of  it  is  also  used  in  the  prepara- 
tion of  the  coal.  It  comprises  chutes,  elevators,  drags,  or 
conveyors,  and  loading  lips. 

2876.  The  chutes  are  used  for  conveying  the  coal  and 
slate  from  one  part  of  the  breaker  to  the  other,  and  are  in- 
clined downwards,  upwards,  or  are  horizontal.  Those  that 
are  inclined  downwards  conyey  the  coal  from  a  higher  to  a 
lower  level,  the  coal  and  slate  sliding  down  by  gravity.  As 
a  rule,  the  cross-section  of  this  class  of  chutes  is  in  the  form 
of  a  rectangular  trough,  the  depth  and  width  depending 
upon  the  size  of  the  coal  or  slate  and  the  amount  that  is  to 
be  carried  down  the  chute.  The  pitch  depends  upon  the 
size  and  quality  of  the  material. 

Fig.  1037  shows  the  cross-section  of  a  chute  as  ordinarily 
constructed.      The  bottom  consists  of   a  row  of  planks  a 

spiked  to  the  support  d.     The  sides  c 

are  spiked  to  the  bottom  plank  a,  and 

are  covered,  as  a  rule,  with  either  cast 

Fig.  1087.  plate  or  sheet  iron  d.     The  side  iron 

d  is  put  on  before  the  bottom  iron  ^,  so  that  the  bottom  iron 

will  fit  between  the  side  irons,  for  it  is  necessary  to  change 

e  oftener  than  d. 

The  thickness  of  the  iron  depends  upon  the  work  to  be 
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performed ;  the  larger  the  coal  the  heavier  the  iron,  and  the 
smaller  the  coal  the  lighter  the  iron  and  the  greater  the 
pitch  of  the  chute. 

2877.  The  following  table  contains  the  pitches  per  foot 
of  the  chutes  ordinarily  used  in  the  breaker,  down  which 
different  sizes  of  coal  will  slide. 

TABLB    50. 


Size  of  Coal. 


Rice 

Buckwheat 

Pea 

Chestnut... 
Stove  

^gg 

Broken 

Steamboat 
Lump 


Pitch  in  Inches  per  Foot. 


Dry  Coal. 


9 

2* 

7 

4 

6i 

H 

5 

H 

H 

2 

4 

i6 

(shelly  coal, 

4i) 

4 

4 

4 

Wet  Coal. 


From  the  above  table  it  will  be  noticed  that  the  inclina- 
tion for  rice  coal,  when  it  is  prepared  wet,  is  very  slight. 
Where  it  is  prepared  wet  the  chute  is  generally  lined  with 
terra-cotta  pipe  (cut  in  half),  and  a  considerable  quantity  of 
water  allowed  to  run  down  the  chute,  so  as  to  carry  the  coal 
to  the  pocket. 

2878«  Some  chutes,  instead  of  having  a  rectangular 
cross-section,  are  half-round  troughs;  and  where  an  abrupt 
change  in  the  direction  of  the  chute  becomes  necessary,  cast- 
iron  turns  are  often  used,  which  are  spiral,  half-round  troughs 
of  greater  or  less  length. 
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Fig.  1038  shows  a  cross-section   that  is  frequently  used 

when  the  chutes  are  inclined  upwards  or  are  horizontal.     It  is 

a  cast-iron  trough  nailed 

or  secured    to    the   side 

^  supports,    which    are   of 

wood,  and  is  used  for  a 

system   of    drags   where 

^'°-  '»»*  the  coal  or  slate  is  to  be 

elevated  from  a  lower  to  a  higher  level,  or  conveyed  from 

one  point  to  another  on  the  same  level, 

2879.  Elevators. — Elevators  are  used  for  raising  coal 
or  refuse  in  the  breaker.  The  kind  shown  in  Fig.  1039,  known 
as  the  llnk-and-bar  elevator,  is  used  where  the  coal  is  to 
be  elevated  to  a  considerable  height. 

In  the  figure  A  shows  the  side  elevation  and  B  the  end 
view.  The  elevator  consists  essentially  of  the  bucket  a,  the 
link  (5,  the  bar  c,  and  the  wedge  d,  the  details  of  which  are 
shown  in  C.  The  bucket  a  is  made  in  two  parts,  the  front/ 
and  the  back  part^  being  riveted  together  at  the  sides. 
The  front y  contains  a  double  set  of  holes,  which  are  used 
for  the  inside  links  A  and  the  outside  links  i,  as  shown  in  B. 
These  buckets  are  usually  made  of  sheet  iron  in  different 
sizes,  14  inches  x  18  inches  being  a  very  common  size. 

The  link  i  is  made  of  strap  iron,  bent  to  the  proper  shape 
and  welded  together,  after  which  the  two  bolt-holes  are 
drilled.  For  a  14-inch  x  18-inch  elevator-bucket,  the  links 
are  made  of  3-inch  X  f-inch  iron. 

The  bar  c  is  made  of  wrought  iron  and  has  the  two  col- 
lars /and  /«  welded  on,  so  as  to  keep  the  links  ^  in  the  proper 
position.  The  bars  are  made  to  extend  from  3  to  3^  inches 
over  the  outside  of  the  buckets,  and  are  run  in  wooden 
guides,  not  shown  in  the  drawing.  For  a  14-inch  by  18-inch 
elevator-bucket,  the  bar  is  of  IJ-inch  iron. 

The  wedge  (/is  single-tapered  and  made  of  oak,  having  two 
holes  bored  in  it  to  permit  the  bolts  which  fasten  the  buckets 
to  pass  through  it.  The  wedges  are  used  to  make  the  buckets 
stand  out  from  each  other;  for  if  the  buckets  were  bolted 
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directly  to  the  link  it  would  be  impossible  for  them  to  pass 
over  the  top  and  under  the  bottom  wheels,  on  account  of 
the  parts  not  being  flexible  enough. 

The  wheels  «  and  ffat  the  top  and  bottom,  over  and  under 
which  the  buckets  travel,  are  known  as  the  spiders.  They 
are  made  of  cast  iron,  bored  and  key-seated,  so  that  they 


can  be  keyed  to  the  shafts  p  and  q.  The  shaft  /  must  be  of 
much  greater  dimensions  than  the  shaft  q,  for  it  carries  the 
load,  while  the  shaft  q  merely  keeps  the  spiders  that  it  is 
keyed  to  in  place. 

The  bottom  stands  r  have  sliding  boxes  s,  and  by  means  of 
the  set  screws  /  the  wheel  o  can  be  raised  or  lowered,  thus 
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taking  up  the  slack  ihat  may  be  found  to  exist.     The  spur- 
wheel  «,  as  generally  used,  is  very  large  and  the  pinion  v 
small,  for  this  class  of  elevator  is  never  run  rapidly.     As  a. 
rule,  for  this  class  of  elevators  (with  14-inch  by   18-inch 
buckets  and  upwards)  a  spur-wheel  with  4-inch  face  is  used 
where   the   shafts    are   ;16   feet 
apart  and  less;  if  over  35  feet  a 
5-inch  face  is  used. 

2880.  In  many  places  the 
same  style  of  bucket  is  in  use  as 
shown  in  Fig.  1039,  bolted  to  a 
heavy  rubber  belt,  running  ver- 
tically or  inclined.  There  are 
other  styles  of  elevators  used 
where  the  height  is  not  so  great 
as  it  is  in  cases  where  the  link- 
and-bar  elevator  is  used. 
•"<"»"■  2881.    Fig.    1040  shows  a 

tractlon-wbeel  elevator,  with  detachable  link   belting 
and  cast-iron  boxes. 

Fig.  1041  shows  another 
type  of  elevator,  known  as 
the  double-cbaln  eleva- 
tor, fitted  with  a  cast-iron 
boot,  the  boot  beinp;  fitted 
with  a  take-up. 

2882.  I>raKH,orCoii- 
veyors. — In  recent  years 
the  methodsof  handling  all 
kinds  of  materials  have  re- 
ceived the  attention  of  the 
engineering  profession  in  a 
marked  degree,  and  the  re- 
sult is  that  large  numbers 
of  mechanical  conveyors  are 
successfully  used  in  all  parts 
of  the  country.    Conveyors,  p,c.  imi. 
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drags,  or  scrapers,  as  they  are  often  called,  are  a  class 
of  machinery  that  has  found  much  favor  in  the  anthra- 
cite region,  and  may  be  used  in  either  horizontal  or  inclined 
chutes.  Most  of  the  drags  or  conveyor  lines  in  use  in  the 
anthracite  region  are  constructed  with  the  Dodge  conveyor 
chain  or  the  Ewart  chain.  This  class  of  machinery  is  used 
principally  for  conveying  coal,  slate,  and  culm  in  and  about 
the  breaker 'where  it  is  found  impossible  to  put  a  chute,  and 
where  it  is  found  more  convenient  and  cheaper  to  use  drags 
than  to  use  a  small  dump-car  or  wheelbarrow. 

2883.     Pig.   1043  shows  the  elements  of  conveyors  as 
commonly  used  in  anthracite-coal  breakers. 


Pio.  lots. 
In  this  figure,  A  is  known  as  the  flisbt  conveyor,  B  as 
the  upper  and  under  run  conveyor,  and  C  as  the  drop- 
fllcbt  conveyor. 
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These  drags,  as  shown,  are  made  up  of  a  trough  or  chute, 
at  each  end  of  which  are  sprocket-wheels,  over  which  the 
link  chain  carrying  the  conveyor  flights  is  run.  These  flights 
are  fastened  to  the  chain  by  a  special  link  inserted  in  the 
chain.  The  drags  are  also  fitted  with  a  take-up,  so  as  to 
take  up  any  slack  that  may  occur.  At  the  driving  end  of 
the  line  the  driving-wheel  is  either  keyed  to  the  same  shaft 
as  the  sprocket-wheel,  or  a  pinion  and  spur-wheel  is  used. 

These  drags  are  driven  by  a  rubber  belt,  by  a  wire  or 
hemp  rope,  or  by  link  belting,  as  shown  in  Fig.  1043.     The 


Fig.  1043. 

principal  value  of  link  belting  as  a  power  transmitter  lies  in 
the  nature  of  its  construction;  since,  being  composed  of 
links  and  used  with  sprocket-wheels,  it  forms  a  positive  belt 
and  prevents  any  loss  of  motion  through  slipping,  as  is  often 
the  case  with  rubber  belts  or  hemp  ropes.  Where  the  power 
is  to  be  transmitted  at  a  slow  rate,  the  link  belting  is  far 
superior  to  anything  else. 

2884.  Loading  Lips. — These  are  specially  designed 
chutes  to  convey  the  coal  from  the  pockets  located  in  the 
bottom  of  the  breaker  to  the  bottom  of  the  railroad -cars,  so 
as  to  prevent  breakage.  There  are  two  types  of  loading 
lips,  one  for  lump  and  steamboat  coal  and  the  other  for  the 
smaller  sizes. 

2885.  Fig.  1044  shows  a  side  view  of  a  loading  lip  for 
lump  and  steamboat  coal.  It  consists  essentially  of  the 
apron  a^  made  of  sheet  iron  and  hinged  to  the  main  chute 
at  b.  The  car  to  be  loaded  runs  under  the  chute,  and  the 
apron  is  let  down  into  the  car  by  means  of  the  lever  c.  The 
gate  c  is  then  opened,  and  the  coal  is  allowed  to  run  over 
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the  lip  screen/,  which  takes  out  the  finer  coals.     By  raising 
or  lowering  the  apron  and  regulating  the  flow  of  the  coal  at 


FlO.  lOR 

the  gate  by  means  of  the  lever  g,  the  coal  can  be  deposited 
in  the  car  as  desired. 
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2886.  Fig.  1045  shows  a  sectional  view  of  a  loading  lip 
for  coal  below  the  size  of  lump  and  steamboat ;  it  is  known 
as  the  Grlffltli  loading:  chute.  This  apparatus  consists 
essentially  of  a  rectangular  wrought-iron  trough  a,  curved  to 
part  of  a  circle  and  resting  on  guide-rollers  6,  c,  and  d.  It 
has  a  hood  e  and  a  gate  /  on  its  front  end,  the  bottom  ex- 
tending back  to  ^,  a  few  inches  under  the  pocket  chute  con- 
taining the  lip  screen  A.  It  is  cut  away  here,  so  that  the 
operation  of  the  screen  A  and  the  small  chute  i  will  not  be 
interfered  with  while  the  loading  chute  is  in  use,  nor  when 
it  is  drawn  back  out  of  the  way  of  cars. 

The  weight  of  the  chute  is  nearly  balanced  by  the  chain  y 
and  weights  k  and  /;  the  remaining  part  of  the  weight  is 
carried  by  the  hand  chain  m  and  the  weight  n. 

The  chute  runs  forward  as  soon  as  the  chain  m  is  slack- 
ened off.  The  small  chain  o  is  for  manipulating  the  gatey. 
The  waste  coming  from  the  lip  screen  A  is  conveyed  by  the 
chute  /  to  the  conveyor  line,  which  runs  in  the  trough  ^. 


DESCRIPTION    OF    AN    ANTHRACITE 

BREAKER. 


THE    CONSTRUCTION. 

2887.  Figures  1046,  1047,  and  1048  show  the  plan, 
elevation,  and  cross-section,  respectively,  of  an  anthracite 
breaker. 

This  breaker,  as  shown,  is  not  arranged  for  any  particular 
opening,  but  can  be  used  for  shaft,  slope,  drift,  tunnel,  or 
stripping.  It  is  so  arranged  that  part  of  the  coal  is  pre- 
pared wet  and  part  dry.  ^ 

The  general  plan  of  the  structure  is  a  wooden  trestle. 

2888.  The  Plan  View.— The  plan.  Fig.  1046,  shows 
the  arrangement  of  the  posts  and  the  general  arrangement 
of.  the  machinery  used  in  the  breaker.  It  also  shows  a 
diagram  of  the  process  of  the  preparation  of  anthracite  coal 
for  market. 
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From  the  plan  it  is  seen  that  the  structure  is  made  up 
of  a  number  of  bents,  ranging  from  0  to  IS^  parallel  to 
one  another. 

The  posts  making  up  bents  0  and  1  occupy  the  same  wall, 
which  is  built  continuous  throughout.  The  posts  of  bent  0 
rest  on  the  masonry,  while  those  of  bent  1  are  set  in  a 
mortised  sill  which  is  laid  the  entire  length  of  the  wall. 
The  posts  for  bents  2,  3,  and  i  are  also  placed  on  sills,  occu- 
pying a  continuous  wall. 

Bent  S  has  two  sills  occupying  the  same  wall,  one  being 
used  to  support  the  posts  which  act  as  braces  for  the  coal 
pockets,  as  will  be  seen  from  the  elevation,  Fig.  1047.  The 
posts  of  all  the  remaining  bents  are  set  upon  piers,  and  are 
all  capped  with  a  dressed  stone,  as  shown  in  Fig.  1047.  It 
will  be  noticed  that  bents  i,  2,  and  3  have  a  greater  num- 
ber of  posts  than  any  of  the  other  bents ;  these  extra  posts 
are  put  in  to  support  the  coal  pockets. 

2889*  All  of  the  machinery  connected  with  this  breaker 
is  driven  by  the  single  engine  a. 

The  crank-shaft  of  this  engine  has  keyed  to  it  the  fly- 
wheel b\  two  main  belt  pnlleys  c  and  r„  to  drive  the  main 
line  shaft  V  of  the  breaker  by  means  of  the  belt  pulleys  r, 
and  .% ;  a  belt  pulley  d^  which,  in  connection  with  the  belt 
pulley  ^/p  is  used  to  drive  the  No.  1  or  main  rolls  C\  a 
belt  pulley  ^,  which,  in  connection  with  the  belt  pulley  e^,  is 
used  to  drive  the  No.  3  rolls  E\  a  rope  pulley  y,  which,  in 
connection  with  the  rope  pulley /j,  drives  the  bony-coal  rolls 
F\  a  rope  pulley  g,  which,  in  connection  with  the  rope 
pulley  ^„  drives  the  slate-picker  rolls  G\  a.  rope  pulJey  A, 
which,  in  connection  with  the  rope  pulley  //,,  drives  the 
main  24-inch  elevator  u^ ;  a  rope  pulley  t,  which,  in  connec- 
tion with  the  dotted  rope  pulley  i^  and  the  miter  gears  aty, 
is  used  for  driving  the  broken-coal  screen  A.  The  main 
line  shaft  V  of  the  breaker,  which  is  driven  by  the  main 
driving-wheels  c  and  r,  and  r,  and  r^,  stretches  across  the 
entire  width  of  the  breaker,  and  has  a  number  of  different 
driving  pulleys  attached  to  it.     It  is  made  up  of  a  number 
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of  different  pieces  of  shafting,  coupled  together  by  means 
of  faced  flanged  couplings,  shown  in  Fig.  1049. 

The  ends  of  the  shafts  to  be  coupled  are  key-seated  and 
placed  in  the  flanges  shown  in  Fig.  1049,  and  keyed;  two 
of  the  flanges  are  then  placed  to- 
gether and  bolted,  as  shown. 

The  mud  screens  /,  /„  and  /,  are 

i  driven  by  the  pulleys  m  and  »(„  m 
being  keyed  to  the  main  line  shaft 
Voi  the  breaker  and  »«,  to  the  shaft  ■ 
w/,.  The  shaft  w/,  carries  three  miter 
gear-wheels  «„  m^,  and  w»„  and  the 
*'"'■  "^*-  three  shafts  at  right  angles  to  the 

shafts  ;«,  have  small  pinions  which  gear  with  the  spur-gear 
of  the  screens  /,  /„  and  /,. 

The  belt  pulley  n  on  the  main  line  shaft  V,  in  connection 
with  the  belt  pulley  «„  drives  the  No.  2  rolls  D,  which  are 
known  as  the  monkey  or  prepared-coal  rolls. 

The  rope  pulley  o,  keyed  to  the  main  line  shaft,  in  con- 
nection with  the  rope  pulley  o,  and  the  spur-gearing  o„  drives 
the  three  lines  of  drags  /,  which  convey  the  coal  from  the 
chestnut-coal  jigs  p,  p^,  and  /,  to  the  picking  chutes,  where 
it  is  picked  before  entering  the  pocket. 

The  belt  pulley  q,  in  connection  with  the  belt  pulley  q, 
and  the  bevel-gearing  y,  and  q„  drives  the  slate-picker 
screens  ?,  and  y,  for  chestnut  and  stove  coal,  respectively. 

The  belt  pulley  r,  in  connection  with  the  belt  pulley  r„ 
drives  the  pistons  ('',-'',)  in  the  chestnut  jigs/,,  p„  and/. 

The  belt  pulley  s,  keyed  to  the  main  line  shaft,  in  connec- 
tion with  the  belt  pulley  5,,  drives  the  pistons  j,  and  s,  for 
the  stove-coal  jigs  /  and  /,. 

The  rope  pulley  u,  in  connection  with  the  rope  pulley  «„ 
the  stress  pulley  k„  and  the  spur-gearing  h„  drives  the  drags 
/„  which  convey  the  coal  from  the  stove-coal  jigs  t  and  /,  to 
the  picking  chutes. 

The  belt  pulley  v,  in  connection  with  the  belt  pulley  f„ 
drives  the  pistons  i', and  i',  for  the  buckwheat-coal  jig  wand 
the  pea-coal  jig  if,. 
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The  rope  pulley  x,  in  connection  with  the  rope  pulley  x^, 
the  deflecting  pulleys  jr„  and  the  pinion  jr„  which  gears  with 
the  spur-gear  x^  of  the  screen,  is  used  to  drive  the  wet  rice- 
coal  screen  x^. 

The  belt  pulley  ^,  in  connection  with  the  belt  pulley  j„ 
and  the  pinion  j/,  which  gears  with  the  spur-gear  j/,  of  the 
screen,  and  which  in  turn  gears  with  another  large  screen 
gear  y^y  of  the  same  dimensions  as  ^„  drives  the  two  wet 
pea-coal  screens  y^  and  j/,. 

The  rope  pulley  ^,  in  connection  with  the  rope  pulley  ^,, 
the  deflecting  pulleys  ^„  and  the  spur-gearing  ^„  drives  the 
drags  /,  and  /,  which  convey  the  coal  from  the  buckwheat- 
coal  jig  w  and  the  pea-coal  jig  w^. 

The  rope  pulleys  a  and  a„  in  connection  with  the  rope 
pulleys  a^  and  a^,  the  two  pairs  of  deflecting  pulleys  a^  and 
a^  used  to  change  the  direction  of  the  driving  rope,  and  the 
pinions  a^  and  a^  which  gear  with  periphery  spur-gears  a^  and 
fl,^,  are  used  to  drive  the  two  steamboat  screens  a^^  and  a^^. 

The  belt  pulleys  6^  and  ^„  in  connection  with  the  belt 
pulleys  d^  and  ^^,  and  the  pinions  6^  and  b^,  which  gear  with 
the  screen  gears  b^  and  ^^,  and  which  in  turn  gear  with  other 
large  screen  gears  d^  and  ^,^,  of  the  same  dimensions  as  d^ 
and  ^j,  are  used  for  driving  the  wet  and  dry  egg-coal  or 
main  screens  6^^  and  ^,„  and  ^,,  and  b^^. 

The  rope  pulley  d^,  in  connection  with  the  rope  pulley  ^/,, 
drives  the  shaft  d^;  to  the  shaft  d^  are  keyed  the  bevel-gears 
d^  and  d^  which  drive  the  slate-picker  screens  d^  and  d^,  and 
which  are  used  to  take  the  slate  out  of  the  dry  chestnut  and 
stove  coal,  respectively.  To  this  shaft  d^  is  also  keyed  the 
belt  pulley  d^,  which,  in  connection  with  the  belt  pulley  d^^ 
and  the  gearing  rf,„  drives  the  lump-coal  lip  elevator  rf„. 

The  rope  pulley  e^,  in  connection  with  the  rope  pulley  r„ 
the  deflecting  pulleys  r^,  and  the  pinion  ^^,  which  gears  with 
the  spur-gear  i\  of  the  screen,  is  used  to  drive  the  dry  rice- 
coal  screen  e^. 

The  belt  pulley  /„  in  connection  with  the  belt  pulley  /,, 
and  the  pinion  /^,  which  gears  with  the  spur-gear  /^  of  the 
screen,  and  which  in  turn  gears  with  another  large  screen 
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geary^,  of  the  same  dimensions  as  y^,  drives  the  two  large 
dry  pea-coal  screens/,  and  /",. 

The  driving-shaft  for  the  broken-coal  screen,  which  is 
driven  by  the  rope  pulleys  i  and  /,,  carries  a  belt  pulley  ^,, 
and,  in  connection  with  the  belt  pulley^,  and  the  gearing  g^, 
drives  the  broken-coal  drags  g^  used  to  elevate  the  broken 
coal  from  the  broken-coal  screen  k^  so  that  it  can  be  picked 
before  entering  the  pocket. 

The  driving-shaft  for  the  egg-coal  screerj  ^„,  driven  by 
the  belt  pulleys  b^  and  ^„  has  a  rope  pulley  k^  keyed  to  it, 
and  this,  in  connection  with  the  rope  pulley  ^„  the  deflect- 
ing pulleys  k^,  the  pinion  k^,  and  the  screen  gear  k^^  is  used 
to  drive  the  lip-screenings  separator  k^. 

To  the  shaft  ^„  driven  by  ^„  is  keyed  a  small  pinion  ^,, 
which  is  geared  to  the  spur-gear  ^„  and  which  in  turn  drives 
the  lip-screenings  elevator  k^^. 

To  the  shaft  k^  is  also  keyed  the  rope  pulley  ^„,  which,  in 
connection  with  ^,„  directly  under  ^„,  drives  the  gear  ^,,, 
which  gears  with  k^^  and  k^^^  and  they  in  turn  drive  the 
bevel-gears  k^^  and  ^„,  which  drive  the  sprocket-wheels  k^^ 
and  ^,„  and  >t„  and  /fe,„  to  which  are  attached  the  drags  ^„ 
and  >fe„,  used  to  convey  the  lip  screenings  to  the  lip-screen- 
ings elevators  ^,,. 

2890.  In  Fig.  1046,  /,  and  /,  show  the  rails  for  the  load- 
ing track,  where  the  house-cars  and  gondolas  are  loaded  for 
shipment,  while  /^  and  /,  show  the  rails  for  the  loading  track, 
where  the  smaller  railroad-cars  are  loaded  for  shipment. 

The  rails  /,  and  /^  are  those  used  for  a  narrow-gauge  track 
to  run  a  small  dump-car  over,  to  carry  the  lump-coal  screen- 
ings from  the  pocket  under  the  lump-coal  chute  to  the 
screenings  elevator  d^^,  by  which  they  are  elevated  into  the 
breaker  to  be  reseparated. 

The  three  rails  /^,  /,„,  and  /^^  form  the  double  tracks  for  the 
dump-cars  which  convey  the  culm  and  rock  to  the  waste 
heaps. 

2891.  The  Side  Elevation.— Fig.  1047  is  a  side 
elevation  of  the  breaker  with  the  sheathing  removed,  and 
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shows   the   arrangement   of    the    screens    and    other    ma 
chinery. 

From  the  elevation  it  is  seen  that  the  breaker  is  located 
on  a  sloping  surface.  The  piers  A  are  arranged  in  steps, 
while  the  continuous  walls  B  are  almost  all  on  the  same 
level.  This  figure  also  shows  the  method  of  framing  and 
bracing.  Instead  of  using  the  ordinary  mortise  and  tenon 
for  framing,  cast-iron  brackets  in^  and  ;//,  are  used  for  many 
of  the  larger  sized  timbers.  As  shown,  these  cast-iron 
brackets  in^  and  m^  have  two  small  projecting  arms  ;//g  and 
m^y  which  are  set  into  the  mortised  timbers.  Generally, 
each  bracket  has  six  holes  drilled  in  it  to  receive  the  bolts — 
four  for  the  upright  posts  and  two  for  the  cross-timbers — one 
set  of  bolts  doing  for  two  brackets,  as  here  shown,  the  bolt- 
holes  in  the  brackets  being  set  in  line  with  each  other. 

The  transverse  timbers,  as  shown  by  ;//,„,  are  also  secured 
by  brackets.  As  shown  in  the  figure,  these  timbers  are  a 
little  above  the  timbers  shown  in  the  side  view,  so  that  the 
bolts  will  not  meet  each  other.  The  braces  are  nearly  all 
at  45°  or  30°  to  the  uprights  and  secured  by  oak  pins. 

2892.  In  this  figure  ;/,  shows  a  mine-car  in  the  position 
of  dumping,  or  being  tipped;  the  part  z/,,  covered  by  the 
roof  n^  and  having  the  floor  on  which  are  spiked  the  rails 
«^,  is  known  as  the  tip  house,  or  the  place  where  the  mine- 
cars  are  dumped.  The  dump  n^  is  known  as  the  cradle 
dump,  which  has  already  been  spoken  of. 

The  coal  as  it  comes  out  of  the  mine-car  passes  over  the 
bars  «,  to  w^,,  which  are  generally  spoken  of  as  the  main 
screening  or  platform  bars;  they  are  set  3^  to  5  inches 
apart. 

The  coal  that  drops  through  the  bars  ;/,  to  ;/,^  passes  into 
the  V-shaped  hopper  o^.  This  hopper  is  made  the  entire 
width  of  the  screening  bars,  and  in  many  cases  it  is  referred 
to  as  the  main  hopper.  As  shown,  the  bottom  o^  of  this 
hopper  rests  on  very  heavy  beams  o^^  which  are  notched  into 
each  other  at  o^.  The  bottom  is  always  very  heavily  ironed, 
but  the  sides  are  lined  with  a  very  much  lighter  iron.  There 
are  three  openings  at  the  lower  end  to  feed  the  coal  out  of 


136       SURFACE  ARRANGEMENTS       §25 

the  hopper  o^  into  the  circular  hoppers  ^„  which  convey  the 
coal  to  the  three  mud  screens  /,  /„  and  /„  /  being  the  only 
one  shown,  as  the  other  two  are  parallel  to  it. 

The  three  mud  screens  /,  /„  and  /,  are  built  very  short,  and 
are  used  to  obtain  only  a  partial  separation  of  the  coal. 
They  are  single-jacketed  screens  having  three  rows  of  seg- 
ments, and  are  constructed  in  the  same  manner  as  those 
already  described.  From  this  view,  it  is  seen  how  the  small 
pinion  underneath  the  screen  meshes  with  the  screen  gear. 
It  will  be  noticed  that  the  pinion  is  keyed  to  a  shaft  that  is 
horizontal,  while  the  screen  shaft  to  which  the  large  gear 
is  keyed  is  set  at  an  angle,  so  as  to  give  the  required  pitch 
to  the  screen.  The  back  ends  of  these  screens  are  supported 
by  hangers,  which  are  bolted  to  the  cross-timbers  o^.  The 
journals  at  the  front  end  of  the  screens  are  placed  in 
specially  designed  boxes  that  rest  on  the  cross-timber  o^. 

The  side  elevation  shows  how  these  screens  are  driven ; 
for  from  the  plan  it  is  evident  that  the  mud  screens  /,  /„  and 
/,  are  driven  by  the  pulleys  ;;/  and  w^,  ;//  being  keyed  to  the 
main  line  shaft  F,  and  ;«,  being  keyed  to  the  shaft  ///,. 
From  this  view,  only  one  of  the  three  miter  gears  can  be 
seen,  ;//„  which  is  keyed  to  the  shaft  m^. 

Directly  above  these  three  mud  screens  are  located  the 
three  water  troughs  /,,  /^,  and  /,.  In  this  view  the  trough  /, 
obstructs  the  view  of  p^  and  /^,  which  are  arranged  parallel 
to  /,.  These  troughs  are  kept  overflowing,  the  water  being 
fed  by  a  pipe/,  in  the  bottom  of  the  troughs.  The  feed-pipe  /, 
connects  with  the  pipe  /„  which  is  connected  to  the  water- 
tank  />^.  The  water  is  pumped  into  this  tank  through  the 
pipe  /,.  In  many  cases  the  pump  is  located  in  the  interior 
of  the  mine.  The  tank  /^  is  located  above  the  troughs  /„  /^, 
and  /^,  so  as  to  get  enough  head  to  keep  the  water  overflowing 
in  the  troughs. 

The  coal  that  drops  through  the  bars ;/,,,  which  are  5  inches 
apart,  passes  into  the  main  or  No.  1  rolls,  which  are  marked  C. 

2893.  The  inclined  floor  g^  is  covered  with  cast  plates 
on  a  pitch  of  1^  inches  to  the  foot,  and  is  known  as  the 
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platform.  The  coal  that  has  passed  over  the  main  screen- 
ing or  platform  bars  is  cleaned  and  assorted  on  this  platform 
q^  by  a  number  of  men  known  as  platform  men.  This  plat- 
form consists  of  symmetrical  halves ;  that  is,  it  has  two  holes 
to  take  the  coal  to  the  main  rolls  C,  and  two  places  q^  to 
throw  the  chippers  to  be  chipped.  The  inclined  part  q^  is 
where  the  lump  coal  and  heavy  rock  are  pushed  over  by  the 
platform  men  into  the  lump-coal  and  rock  chute  ^„  which  is 
one  chute,  but  divided  by  a  partition,  the  lump  coal  bemg 
allowed  to  run  on  one  side  and  the  rock  on  the  other. 

The  beams  q^^-q^^^  shown  in  this  figure,  are  used  to  sup- 
port the  lump-coal  and  rock  chute,  the  planking  for  the  floor 
of  the  chute  being  removed. 

Another  view  of  this  chute  is  shown  by  q^^  q^^;  the  lump 
coal  and  rock  coming  over  the  top  of  the  breaker  change 
their  course  by  dropping  into  the  chute  q^^  q^^^  located  at 
right  angles  to  the  chute  supported  by  the  beams  q^-  q^^. 
The  lump  coal,  in  running  over  q^^  q^^,  is  allowed  to  drop 
through  an  opening  in  the  bottom  at  q^^  into  another  section 
of  the  chute  q^^  ^,^,  which  is  directly  under  q^^  q^^.  The  rock 
which  runs  parallel  to  the  lump  coal  passes  over  the  end  of 
?i»  ^16  ^^^^  ^^^  slate  chute  q^^  q^^,  which  is  located  directly 
underneath  the  lump-coal  chute  q^^  q^^.  The  rock  from  chute 
^M  ^10  ^s  loaded  into  dump-cars  that  run  over  the  rails  /,, 
and  /,j  to  the  rock  bank. 

Underneath  the  lump-coal  chute  q^^  q^^  is  located  the 
V-shaped  pocket  q^  used  to  hold  the  lump-coal  screenings, 
which  are  the  smaller  pieces  of  coal  that  have  been  broken 
off  the  larger  lumps  that  drop  through  the  bars  located 
directly  above  the  pocket.  These  lump-coal  screenings  are 
loaded  into  a  small  dump-car  that  runs  over  the  rails  l^  and  Z^, 
and  conveys  them  to  the  lump-coal  screenings  elevator  ^,„ 
whence  they  are  lifted  into  the  breaker  to  be  reseparated. 

The  hopper  r^  is  for  the  main  rolls  C;  it  is  circular  in 
section,  and  is  used  to  convey  the  coal  from  the  rolls  after  it 
has  been  crushed.  This  hopper,  as  shown,  is  on  a  good  pitch, 
so  that  there  is  no  danger  of  the  coal  stopping  up  and  thus 
•'stalling"  the  rolls. 
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2894.  The  coal,  after  leaving  the  hopper  r^^  drops  into  r,, 
where  it  is  divided,  the  one  part  going  to  the  steamboat 
screen  ^,,  and  the  other  part  to  the  steamboat  screen  a^^. 

The  steamboat  screens  /r,,  and  //„  are  both  of  the  same 
dimensions,  and  are  arranged  parallel  to  each  other.  They 
are  double-jacketed  cast-iron  screens  with  four  rows  or  sets 
of  segments,  steamboat-coal  coming  out  of  the  end  of  the 
inside  jacket  and  broken  coal  coming  out  of  the  end  of  the 
outside  jacket. 

As  shown,  the  steamboat  screen  ^,,  is  driven  by  the 
screen  gear  //,,  which  gears  with  the  small  pinion  /?,.  From  this 
view  it  is  shown  how  the  rope  pulley,  a^  and  a^  are  located,  a^ 
being  driven  by  the  rope  pulley  a^^  which  is  keyed  to  the  main 
line  shaft  V.  The  driving-gear  for  the  other  steamboat 
screen  a^^  is  arranged  parallel  to  the  driving-gear  of  the 
screen  ^,,,  and  all  the  parts  of  it  are  of  the  same  dimensions 
as  those  shown  in  this  figure.  The  back  ends  of  the  screens 
are  supported  by  hangers  which  are  bolted  to  the  beam  r,. 
The  journals  at  the  front  end  work  in  specially  designed 
boxes  which  are  bolted  to  the  beam  r^. 

The  chutes  r^  and  r,,  carry  the  steamboat  and  broken  coal 
that  comes  from  the  steamboat  screens  a,,  and  a,^.  Parallel 
to  the  chute  r^  is  the  chute  r„,  which  carries  the  coal  that 
comes  out  of  the  front  end  of  the  three  mud  screens  /,  /^,  and  /,. 
The  coal  that  travels  down  chutes  r,,  r,^,  and  r„  is  picked  in 
the  picking  room  r^,. 

The  steps  r,,-  r^^  show  the  arrangement  of  the  floor  in 
the  picking  room  r,,,  which  consists  of  a  series  of  steps,  or 
short  platforms,  arranged  one  above  the  other. 

2895.  The  hopper  s^  for  the  mud  screens  is  cut  away  to 
show  the  partition  j^,  which  is  used  to  separate  the  fine  coal 
from  the  coarse  coal.  The  chute  s^  carries  the  coarse  coal 
that  drops  out  of  the  two  rows  of  segments  on  the  three 
mud  screens.  This  coal  is  conveyed  to  the  wet  egg-coal 
screens  ^,,  and  b^^.  The  chute  s^  carries  the  fine  coal  that 
drops  out  of  the  segment  on  the  back  end  of  these  three 
mud  screens.     This  coal  is  conveyed  to  the  two  wet  pea-coal 


§  25  OF  ANTHRACITE  MINES.  139 

screens  y^  and  j,.  The  chutes  s^  and  j,  are  made  water-tight 
to  prevent  the  water  from  constantly  dripping. 

The  number  of  circular  rings  that  compose^  the  figures 
b^^  and  d„  are  the  projections  of  the  circular  screen  rings  to 
which  the  segments  are  bolted  that  make  up  the  wet  egg- 
coal  screens.  The  inside  circles  are  used  to  support  the 
inside  jacket,  and  the  outer  circles  to  support  the  outside 
jacket. 

The  small  circle  marked  b^  is  the  pinion  that  meshes  with 
the  screen  gear  ^„  which  in  turn  gears  with  b^.  The  circle 
marked  b^  represents  the  belt  wheel  which  is  used  in  the 
driving  of  the  wet  egg-coal  screens  b^^  and  ^„.  The  circle 
marked  k^  represents  the  belt  wheel  which  is  keyed  to  the 
driving-shaft  for  the  wet  egg-coal  screen,  and  is  used  to 
drive  the  lip-screenings  elevator  ^,,. 

The  number  of  circular  rings  that  compose  figures  ^^^^  and 
y^  are  the  projections  of  the  circular  screen  rings  to  which 
the  segments  that  go  to  make  up  the  wet  pea-coal  screens 
are  bolted. 

The  small  circle  y^  represents  the  pinion  that  meshes  with 
the  screen  gear  j^,  which  in  turn  meshes  with  y^.  In  this 
case  the  pinion,  instead  of  being  underneath  the  screen,  is 
on  the  top.  The  circle  y^  represents  the  belt  wheel  that 
drives  the  pea-coal  screens. 

2896.  The  screen  q^  shows  the  arrangement  of  a  slate- 
picker  screen  which  is  arranged  parallel  to  the  slate-picker 
screen  ^^,  as  shown  in  the  plan.  These  screens  are  made  up 
of  three  sets  of  cast-iron  segments,  known  as  slate  pickers. 
As  shown,  the  longitudinal  openings  in  these  pickers  through 
which  the  flat  slate  drops  out  are  at  right  angles  to  the 
screen  shaft. 

There  are  three  cast-iron  rollers  on  the  top  of  each  screen, 
which  are  not  shown  here,  one  for  each  set  of  slate  pickers. 
These  are  used  to  keep  the  openings  in  the  slate  pickers 
from  becoming  clogged,  for  if  they  were  not  used,  the  flat 
slate  would  soon  block  up  the  openings.  The  slate  screen 
q^  is  used  for  taking  slate  out  of  the  stove  coal  as  it  comes 
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from  the  meshes  of  the  stove-coal  segments  on  the  wet  egg- 
coal  screens  b^^  and  ^„  before  entering  the  stove-coal  jig. 
The  slate  screen  q^  is  used  for  taking  slate  out  of  the  chest- 
nut coal  as  it  comes  from  the  meshes  of  the  chestnut-coal 
segments  on  the  wet  egg-coal  screens  b^^  and  ^,,  before  en- 
tering the  chestnut-coal  jig.  These  screens  are  driven  by 
the  bevel-gears,  as  shown  by  ^„  located  at  the  front  end  of 
the  screens,  which  in  turn  are  driven  by  the  belt  pulleys  q^ 
and  ^,  q  being  keyed  to  the  main  line  shaft  V. 

2897.  The  tank  lu  shows  the  end  view  of  the  buck- 
wheat-coal jig  tank.  The  tanks  for  stove,  chestnut,  and 
pea  coal  jigs  are  arranged  parallel  to  the  tank  w.  The  chute 
/,  shows  the  inclined  drag-line  chute  for  buckwheat;  /„ 
shown  in  the  plan .  is  for  pea  coal,  and  is  arranged  parallel 
to  /,;  they  convey  the  coal  from  the  jig  tank  w  and  w^  to 
chutes  which  convey  the  coal  to  the  buckwheat  and  pea 
coal  pockets. 

The  chute  t^  shows  the  inclined  drag-line  chutes  that  con- 
vey the  coal  from  the  stove-coal  jig  tanks  to  the  picking 
chutes,  where  it  is  picked  before  entering  the  pockets.  The 
chutes  /„  shown  in  the  plan,  are  arranged  parallel  to  the 
chutes  /^,  and  are  used  for  conveying  the  chestnut  coal  from 
the  chestnut  jig  tanks  to  a  chute  which  leads  to  the  chestnut- 
coal  pocket. 

The  belt  wheel  z\  is  in  line  with  the  belt  wheels  s^  and  r„ 
and  shows  the  side  view  of  the  three  belt  wheels  which  are 
arranged  parallel  to  each  other.  They  run  the  line  shafts 
for  the  jig  pistons  of  the  buckwheat  and  pea  and  stove  and 
chestnut  coal  jigs.  One  of  the  cams  u^  which  gives  the  up- 
and-down  motion  to  the  jig  pistons  is  also  shown  in  this  view. 

2898.  The  circle  //,  shows  the  side  view  of  the  rope 
pulley  that  is  used  in  connection  with  the  driving-gear  of 
the  main  elevator  //,. 

This  elevator  is  the  regular  link  and  bar  elevator,  a  detail 
of  which  is  shown  in  Fig.  1039.  In  Fig.  1039  the  small 
pinion  is  geared  at  the  side  instead  of  directly  under  the 
large  spur-wheel,  as  shown  in  this  view.     The  elevator  u^  is 
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used  to  elevate  all  the  dry  coal  that  is  cracked  up  by  the 
Nos.  2,  3,  4,  and  5  rolls,  also  that  coming  from  the  lip  screens 
under  the  breaker. 

The  screen  k  shows  a  side  view  of  the  broken-coal  screen, 
which  is  a  single-jacketed  screen  having  three  rows  of  seg- 
ments. As  shown,  the  screen  gear  meshes  with  the  small 
pinion  above  the  screen.  The  shaft  to  which  this  pinion  is 
keyed  runs  directly  over  the  center  of  the  screen,  and  at  the 
front  end  of  the  screen  is  the  miter  gear/,  which  is  driven  by 
the  rope  pulleys  /,  and  i,  i  being  keyed  to  the  shaft  of  the 
breaker  engine.  (See  also  the  cross-section,  Fig.  1048.) 
The  pulley  /,  is  keyed  to  the  same  shaft  as  ^„  which  is  shown 
in  this  side  view.  The  pulley  ^„  in  connection  with  the 
pulley^,  (shown  in  the  plan),  drives  the  drag-line ^^,  which 
conveys  the  broken  coal  that  comes  out  the  end  of  the 
broken-coal  screen  k^  after  it  has  passed  down  a  short  chute 
leading  to  the  drags,  to  the  picking  chutes,  where  it  is  picked 
before  entering  the  pocket. 

The  hopper  u^  carries  to  the  main  elevator  u^  (see  also  the 
plan  and  cross-section)  the  different  sizes  below  broken  coal 
that  drop  through  the  meshes  in  the  broken-coal  screen. 

2899.  At  different  times  there  is  a  greater  or  less  de- 
mand for  one  size  of  coal  than  for  any  other.  When  there 
is  little  demand,  or  no  demand  at  all,  for  broken  coal,  instead 
of  hoisting  it  up  in  the  drag-line  g^^  it  is  run  into  the  No.  3 
rolls  E  and  broken  up  into  smaller  sizes;  in  case  there  is  no 
great  demand  for  ^%%  coal  at  the  same  time  that  there  is  no 
demand  for  broken,  by  jacketing  the  broken-coal  screen  with 
segments  of  a  smaller  mesh,  the  ^%%  and  the  broken  coal 
will  come  out  the  end  of  the  screen. 

2900.  The  hopper  u  shows  the  side  view  of  the  roller 
hopper  for  the  No.  3  rolls  £",  which  is  used  to  carry  the 
coal,  after  being  crushed,  away  from  the  rolls  to  the  main 
elevator  u^. 

The  bony  coal  coming  from  the  broken,  ^z%y  and  stove 
coal  pickings  is  broken  into  sizes  below  stove  coal  by  the 
No.  4  rolls  F. 
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All  the  flat  slate  and  coal  coming  from  the  slate-picker 
screens  ^^,  q^^  //^,  and  d^  are  broken  into  sizes  below  chestnut 
coal  by  the  No.  5  rolls  G. 

The  coal  coming  from  the  No.  4  and  No.  5  rolls  is  conveyed 
by  the  roller  hopper  u^,  a  side  view  of  which  is  shown  in  this 
figure,  to  the  main  elevator  u^. 

2901.  The  inclined  timbers  v^,  7\,  %\,  and  v^  are  the 
supports  for  the  waste  pocket  W.  This  pocket  extends 
almost  the  entire  width  of  the  breaker,  and  collects  all  the 
waste,  such  as  culm,  rock,  and  slate.  The  culm,  however, 
coming  from  the  wet  rice-coal  screen,  is  carried  off  in 
troughs  with  water  and  deposited  on  the  slush  bank. 

The  inclined  timbers  v^  to  v^  are  covered,  as  shown,  with 
3-inch  planks,  which  form  the  bottom  of  the  waste  pocket. 
These  planks  are  covered  with  cast-iron  plates  or  very  heavy 
sheet  iron. 

In  this  pocket,  7\  shows  the  very  fine  culm  coming  from 
the  dry  rice-coal  screen;  7\  is  the  slate  coming  from  the 
picking  rooms,  and  t\^  shows  the  slate  coming  from  the 
buckwheat,  pea,  chestnut,  and  stove  Coal  jigs. 

At  the  bottom  of  this  waste  pocket  W^  on  both  sides  of 
the  tracks,  a  number  of  loading  gates  are  arranged  to  load 
the  waste  into  dump-cars  that  run  over  the  double  tracks 
formed  by  the  three  rails  /^,  /,„,  and  7,^.  The  position  of  the 
No.  2  rolls  is  shown  at  D,  These  are  commonly  spoken  of 
as  the  prepared  coal,  or  monkey  rolls.  They  break  up  all 
the  coal  coming  from  the  mud  screens  /,  Z^,  and  /„  and  at 
times  the  coal  coming  from  the  steamboat  screens  ez„  and  a^^, 

2902.  The  hopper  w^  shows  a  side  view  of  the  circular 
hopper  for  the  No.  2  rolls  />,  which  conveys  the  crushed  coal 
coming  from  the  rolls  to  the  broken-coal  screen  k. 

The  screen  x^  shows  a  side  elevation  of  the  wet  rice-coal 
screen.  There  is  another  rice-coal  screen  arranged  parallel 
to  this,  and  of  the  same  dimensions,  which  is  used  to  prepare 
the  rice  coal  on  the  dry  side.  Both  are  single-jacketed 
screens  having  four  rows  of  segments. 

As  shown,  the  wet  rice  screen  x^  is  driven  by  the  large 
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screen  gear  x^,  which  meshes  with  the  small  pinion  ;r,  over 
the  screen.  This  pinion  is  keyed  to  the  same  shaft  as  the 
rope  pulley  jr^,  which  is  driven  by  the  rope  pulley  x  keyed 
to  the  main  line  shaft  V.  The  circle  x^  shows  the  position 
of  two  wheels,  called  deflecting  wheels  or  pulleys,  which  are 
used  to  change  the  direction  of  the  rope  that  drives  the 
pulley  x^.  These  wheels  work  loosely  on  the  same  axle, 
that  they  may  turn  in  opposite  directions.  (See  extreme 
right  of  end  elevation.) 

The  screen  d^  is  a  cast-iron  slate-picker  screen,  and  the 
plan  shows  another  similar  screen  d^.  These  screens  rf,  and 
d^  are  of  the  same  dimensions  and  are  arranged  parallel  to 
each  other.  Both  of  these  screens  are  of  the  same  dimen- 
sions as  the  slate-picker  screens  ^^  and  g^,  and  have  the  same 
arrangement  of  machinery  in  use  above  the  screen  for  their 
operation.  The  screen  rf,  is  used  for. taking  the  slate  out  of 
the  chestnut  coal  as  it  comes  from  the  meshes  of  the  chest- 
nut-coal segments  of  the  dry  egg-coal  screens  /;,,  and  ^,^,  as 
shown  in  the  plan ;  similarly,  the  slate  screen  d^  is  used  for 
taking  the  slate  out  of  stove  coal  as  it  comes  from  the 
meshes  of  the  stove-coal  segments  on  the  dry  egg-coal 
screens  ^,,  and  A,^. 

2903.  To  the  shaft  d^  is  keyed  the  bevel-'^ear  wheel  rf^, 
which  is  used  in  driving  the  slate  screen  d^.  To  this  same 
shaft  d^  are  keyed  the  pulleys  d^  and  ^„  which  are  of  the 
same  dimensions;  d^  obstructs  the  view  of  d^. 

The  pulley  d^^  in  connection  with  the  belt  pulley  d^^  and 
the  gearing  ^/,„  drives  the  lump-coal  screenings  elevator  d^^, 
all  of  which  are  shown  in  this  side  elevation.  The  rope 
pulley  d^y  which  is  keyed  to  the  shaft  d^,  is  used  in  connec- 
tion with  the  rope  pulley  ^„  keyed  to  the  main  line  shaft  V, 
to  drive  the  screens  d^  and  d^  and  the  lump-coal  screenings 
elevator  d^^. 

The  coal  that  is  elevated  by  the  lump-coal  screenings 
elevator  d^^  is  conducted  by  a  chute  to  the  broken-coal 
screen. 

The  circle  //,  shows  the  position  of  the  two  deflecting  rope 


144  SURFACE  ARRANGEMENTS  8  25 

pulleys  which  work  loosely  on  the  shaft.  They  are  used  in 
connection  with  the  rope  pulley  i/,  and  the  gearing  «,  in 
driving  the  stove-coal  drag-line  /^.  These  pulleys  u^  are  put 
in  to  keep  the  driving  rope  above  the  pea-coal  screens. 

The  circle  -sr,  also  shows  the  position  of  deflecting  pulleys 
which  work  loosely  on  the  shaft.  They  are  used  in  connec- 
tion with  the  rope  pulley  ^,  and  the  gearing  sr^  in  driving 
the  buckwheat  and  pea  coal  drag-line  /,.  The  rope  pulley 
s^  is  put  in  to  keep  the  driving  rope  away  from  the  side  of 
the  wet  rice-coal  screen. 

2904.  The  chute  w^  shows  the  side  view  of  the  picking 
chutes  on  the  wet  side  of  the  breaker,  where  the  coal  as  it 
leaves  the  drags  and  screens  is  picked  by  men  and  boys  as  it 
passes  down  the  picking  chutes  on  its  way  to  the  pockets. 

From  w  to  w^  is  shown  the  arrangement  of  the  floor  in 
the  main  picking  room. 

The  coal,  after  leaving  the  picking  chutes  z«/„  passes  along 
chutes  ze/„  which  are  known  as  telegraphs.  These  are  chutes 
with  no  regular  sides.  The  iron  that  forms  the  bottom  is 
slightly  turned  up  on  each  side,  so  that  the  coal  can  leave 
the  chute  from  the  sides  as  it  blocks  up  from  below.  They 
are  used  for  conveying  coal  or"  slate  to  the  pockets.  In  this 
figure,  the  arrows  placed  along  the  sides  of  the  telegraph  w, 
show  that  the  coal,  after  filling  the  pocket  w^  from  below 
up,  can  drop  off  on  either  side,  and  thus  completely  fill  the 
pocket. 

2905.  The  bottoms  of  the  V-shaped  coal  pockets  «;„ 
the  end  view  of  which  is  shown  in  this  figure,  are  supported 
on  beams  w^  and  u\^^  which  are  on  a  pitch  of  8  inches  to  the 
foot.  These  beams  are  well  supported  by  the  posts  and 
braces  forming  the  bents  i,  ^,  3^  and  ^.  The  coal  from  these 
pockets  can  be  loaded  from  either  of  the  loading  chutes  w^^ 
or  M/,,.  The  coal  that  is  loaded  from  the  chute  «/„  is  loaded 
into  house-cars  or  large  gondola  cars,  which  run  on  the  track 
the  cross-section  of  which  is  shown  in  /,  and  /,.  The  coal 
loaded  from  the  chute  il\^  is  loaded  into  the  ordinary  rail- 
road-cars that  run  on  the  track  formed  by  the  rails  l^  and  /.. 
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At  x^  and  ;r,,  in  the  loading  chutes  w^^  and  w,„  are  placed 
the  loading  lip  screens  which  take  out  the  fine  stuff,  which 
drops  into  the  chute  jr,,  and  is  conveyed  by  the  drag  flights 
running  over  the  sprocket-wheel  ^„  to  the  lip-screenings 
elevator  k^^. 

The  rope  pulley  ^,„  in  connection  with  the  miter  gear,  as 
shown  in  the  plan,  and  the  bevel-gearing  ^,,,  as  shown  in  this 
side  elevation,  is  used  to  drive  the  drag-line  which  passes 
over  the  sprocket-wheel  k^^. 

The  rope  pulley  k^^  is  on  line  with  the  rope  pulley  ^j„ 
which  is  keyed  to  the  shaft  k^ ;  to  the  shaft  k^  is  also  keyed 
the  rope  pulley  ^„  which  is  driven  by  the  rope  pulley  ^„ 
keyed  to  the  shaft  that  drives  the  egg-coal  screens,  by  means 
of  the  idler  ^„  which  consists  of  two  deflecting  pulleys,  used 
to  change  the  direction  of  the  driving  rope  that  runs  over 
the  rope  pulleys  k^  and  ^,. 

The  screen  k^  shows  the  side  view  of  the  lip-screenings 
separator,  which  is  in  part  a  double-jacketed  screen,  driven 
by  the  small  pinion  k^^  which  meshes  with  the  screen  gear  k^. 

The  pinion  k^^  as  shown,  is  keyed  to  the  shaft  ^„  to  which 
is  also  keyed  the  pinion  ^„  gearing  with  the  spur-wheel  k^  of 
the  lip-screenings  elevator  k^^^  which  empties  its  contents  into 
the  screen  k^.  This  screen  k^  takes  out  the  buckwheat  and 
pea  coal,  the  buckwheat  coming  out  of  the  end  of  the  outside 
jacket,  and  the  pea  coal  passing  through  the  meshes  of  the 
single-jacketed  portion  of  the  screen.  The  buckwheat  is 
carried  by  the  chute  j„  and  the  pea  coal  by  the  chute  y^^  to 
the  pockets  located  on  each  side  of  the  screen.  The  fine 
stuff  that  drops  through  the  meshes  of  the  outside  jacket, 
together  with  the  coarse  coal  coming  out  of  the  front  end  of 
the  screen,  is  carried  through  the  hopper  ^„  which  is  only 
partly  shown,  to  the  main  elevator  i/^. 

The  breaker  engine  a  is  located  in  the  lower  part  of  the 
breaker,  and  is  protected  from  the  dust,  etc. ,  by  the  roof  z^, 

2906.  The  roofs  that  cover  the  different  parts  of  the 
structure  are  shown  in  this  view.  They  are  supported  by 
much  lighter  posts  than  those  used  in  the  lower  part  of  the 


146  SURFACE  ARRANGEMENTS  §  25 

breaker  structure,  and  are  mortised  into  transverse  beams. 
The  post  caps  are  of  the  same  dimensions  as  the  posts,  and 
support  the  rafters,  which  are 

itmmmmt^mmmmmmmammmmmmmmm^    4  incheS  X  6  inches    in    SCCtion 

set  on  end,  and  the  whole 
covered  with  No.  26  corru- 
gated   iron    sheets,  as    shown 


»      .^       ' ^   in  Fig.  1050.     The  sheets  have 

Flo.  1050.  * 

a  lap  of  at  least  two  corruga- 
tions on  the  sides,  and  from  4  inches  to  6  inches  top  and 
bottom.  Where  the  posts  are  very  far  apart,  the  rafters, 
instead  of  resting  directly  on  the  caps,  are  supported  by 
corbel  blocks,  as  shown  in  the  figure. 

This  corrugated  iron  is  manufactured  in  sheets  6,  7,  8,  9, 
and  10  feet  long,  or,  if  desired,  is  furnished  in  special  lengths, 
and  is  coated  with  a  red  mineral  paint.  The  painting  is 
all  done  by  machinery,  which  is  much  better  than  with  the 
hand  brush,  as  it  insures  an  even  coating.  The  sheathing  for 
the  different  sides  is  also  formed  of  these  corrugated  sheets. 

Between  the  upright  posts,  3-inch  X  4-inch  horizontal 
bracing  timbers  are  placed,  which  are  used  as  nailers.  These 
are  spaced  so  as  to  suit  the  lengths  of  the  sheets. 

2907.  The  Crosa-Sectton.— Fig.  1048  shows  the 
cross-section.  Since  most  of  the  main  features  have  been 
previously  described,  only  those  which  are  more  clearly 
shown  by  this  view  will  be  mentioned  here.  The  student 
should  constantly  refer  to  this  view  when  reading  the 
description  of  the  side  elevation. 

From  this  cress-section  it  can  be  better  understood  how 
the  large  chippers  are  taken  off  the  platform  q^,  and  thrown 
to  the  chipping  platforms  ^,,  where  they  are  chipped.     The 

lines marked   a^^  and   ^,^   represent   the   chutes 

leading  from  the  chipping  platforms  ^,  and  the  openings  in 
the  main  platform  ^^  to  the  main  rolls  C,  where  the  pure 
coal  is  thrown  after  the  slate  has  been  separated,  the  rock 
and  slate  being  deposited  in  the  rock  chute. 

The  circular  rings  composing  figures  /,  /j,  and  /,  are  the 


k 

b 
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projections  of  the  circular  screen  rings  that  go  to  make  up 
the  three  mud  screens  /,  /„  and  /,. 

C  shows  a  side  view  of  the  main  rolls  with  the  belt  pulley 
^/„  which  is  in  line  with  the  belt  pulley  d^  keyed  to  the  shaft 
of  the  breaker  engine. 

In  this  view  the  line marked  r^  shows  the  roller 

hopper  through  which  the  coal  is  carried  away  from  under 
the  main  rolls  C. 

The  line marked  r„  which  branches  out  from 

r,,  shows  the  hoppers  leading  from  the  roller  hopper  r^  to 
the  steamboat  screens  a^^  and  a„.  These  screens  are  shown 
in  this  view  by  the  number  of  circular  rings  which  are  the 
projections  of  the  circular  screen  rings  that  make  up  the 
screens. 

2908*  This  cross-section  will  explain  how  the  hopper  s^ 
for  the  mud  screens  /,  /„  and  /,  conducts  the  particles  that 
drop  through  the  meshes  of  these  screens  to  the  chutes  s^ 
and  s^y  Fig.  1047.  These  chutes  carry  the  coal  until  they 
meet  the  chutes  b^^  and  ^^^  which  are  at  right  angles  to  the 
chutes  s^  and  s^.  The  chute  b^^  carries  the  coarse  coal  into 
the  wet  egg-coal  screens  ^,,  and  ^„  on  the  wet  side,  while 
the  chute  b^^  carries  the  fine  coal  coming  from  the  back  end 
of  the  mud  screens  /,  Z^,  and  /,  to  the  hopper  /,,  under  the 
egg-coal  screens  b^^  and  b^^^  through  which  it  reaches  the 
pea-coal  screens  y^  and  y^  on  the  wet  side. 

The  hopper  b^^,  under  the  steamboat  screen  ^,„  catches  the 
coal  dropping  through  the  meshes  of  this  screen,  and  con- 
ducts it  to  the  wet  egg-coal  screens,  while  the  hopper  *,,, 
under  the  steamboat  screen  a^^,  catches  the  coal  dropping 
through  the  meshes  of  this  screen,  and  conducts  it  into  the 
dry  egg-coal  screens. 

2909*  In  this  view  the  arrangement  of  the  driving 
pulleys  for  the  steamboat  screens  rt„  and  a„  can  be  seen  to 
a  better  advantage.  The  pulleys  a^  and  a^  are  keyed  to  the 
main  line  shaft  V.  The  circles  a^  and  a^  represent  the  rope 
pulleys  which  are  keyed  to  the  same  shaft  as  the  pinions  a^ 
and  a^.     These  pinions  mesh  with  the  screen  gears  a^  and  a^^ 
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of  the  steamboat  screens  a^^  and  ^?„.  The  deflecting  pul- 
leys a^  and  a^  are  used  to  change  the  direction  of  the  dri- 
ving ropes  which  run  over  the  rope  pulleys  a^,  tf„  a^,  and  a^. 
This  view  also  shows  how  the  gearing  for  the  main  eleva- 
tor «,  is  arranged.  The  small  pinion  which  gears  with  the 
large  spur-wheel  is  keyed  to  the  same  shaft  as  the  large 
rope  pulley  A^,  which  is  in  line  with  the  driving-rope  pulley  A 
keyed  to  the  shaft  of  the  breaker  engine.  These  elevators 
discharge  their  contents  into  a  chute  that  conducts  them  to 
the  steamboat-screen  hopper  b^^,  through  which  they  reach 
the  dry  egg-coal  screens  i^^  and  d^^. 

291 0.  The  side  view  of  the  dry  egg-coal  screen  6^^  is 
shown  in  this  cross-section.  On  the  plan  another  dry  egg- 
coal  screen  ^,,  is  shown,  which  is  parallel  to  ^,^,  and  of  the 
same  dimensions.  These  screens  are  two  of  the  main 
screens  in  the  breaker,  and  are  partly  double-jacketed. 
They  are  driven,  as  shown,  by  the  small  pinion  i,  under  the 
screen,  which  meshes  with  the  gear  of  the  screen  ^j„  which 
in  turn  meshes  with  the  screen  gear  d^^  of  screen  6^^.  The 
pinion  6  is  keyed  to  the  same  shaft  as  the  belt  pulley  A^, 
which  is  in  line  with  the  belt  pulley  ^,  keyed  to  the  main 
line  shaft  V. 

These  screens  are  supported  at  the  back  end  by  hangers, 
and  at  the  front  end  by  boxes,  which  rest  on  the  cap  shown 
in  the  figure. 

The  coal  that  reaches  this  dry  egg-coal  screen  is  compara- 
tively dry,  as  it  is  the  coal  which  is  cracked  up  by  the  dif- 
ferent rolls  in  use  in  the  breaker,  and  that  coming  from  the 
lip  screens  under  the  breaker. 

It  must  be  remembered  that  the  coal  that  drops  through 
the  main  screening  bars  does  not  reach  this  dry  side — only 
that  part  coming  from  the  lip  screens  under  the  breaker. 
That  which  drops  through  the  meshes  of  the  outside  jackets 
of  these  screens  is  everything  below  the  size  of  chestnut, 
and  is  conducted  by  the  hopper  c^  to  the  dry  pea-coal  screens 
/^  and/g.  The  coal  coming  out  of  the  ends  of  the  outside 
jackets  is  chestnut.     The  coal  dropping  through  the  meshes 
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of  the  single- jacketed  portions  of  these  screens  is  stove  coal, 
while  that  coming  out  of  the  ends  of  the  screens  is  egg  coal. 

291  !•  The  chestnut  coal  and  stove  coal  coming  from 
these  egg-coal  screens  pass  into  the  cast-iron  slate-picker 
screens  d^  and  d^y  shown  in  this  figure  by  circular  rings, 
which  are  projections  of  the  circular  screen  rings  to  which 
the  slate-picker  segments  are  bolted. 

The  stove  coal  coming  out  of  the  end  of  the  slate-picker 
screen  d^  passes  into  the  picking  chute  If.  This  chute  // 
consists  of  the  two  supply  chutes  c^  and  r„  which  receive  the 
coal,  slate,  and  bone,  the  intermediate  chutes  c^  and  r^, 
where  the  picking  is  done,  and  the  delivery  chute  r,,  which 
carries  off  the  coal  that  has  been  picked  over. 

The  coal  coming  from  the  screen,  as  shown  by  the  arrows, 
slides  down  the  supply  chutes  c^  and  ^,,  on  one  side  of  each 
of  which  the  intermediate  chutes  c^  and  c^  are  placed  as  close 
to  each  other  as  possible,  there  being  room  enough  c^^  between 
each  two  picking  chutes  for  a  man  or  boy.  The  delivery 
chute  c^  is  placed  so  as  to  receive  the  coal  coming  froni  the  in- 
termediate chutes  c^  and  c^.  The  supply  and  delivery  chutes 
have  the  same  inclination,  but  the  former  is  a  little  the 
higher,  so  as  to  give  a  slight  inclination  to  the  intermediate 
chutes,  the  axis  of  which  is  placed  at  an  angle  of  about  8  to 
10  degrees  with  the  horizontal,  and  25  to  28  degrees  with 
the  supply  chute. 

291 2«  The  intermediate  chutes  in  many  cases  are  spe- 
cially designed  cast-iron  chutes,  or  can,  as  shown  here,  be 
built  of  plank  and  sheet  iron.  The  slate  picker,  who  sits 
with  his  face  towards  the  upper  end  of  the  chute,  allows  a 
thin  stream  of  coal  to  pass  in  front  of  him,  cleaning  it 
thoroughly  as  it  passes. 

The  same  coal  is  handled  by  one  man  only,  with  this  ex- 
ception, that  one  man  is  placed  at  the  end  ^,,  of  the  delivery 
chute  to  inspect  the  coal  and  take  out  any  pieces  of  slate  or 
bone  which  may  have  escaped  the  regular  pickers.  On  each 
side  of  the  chute  H  are  the  slate  chutes  ^,,  and  r,,,  into  which 
the  slate  pickers  throw  the  slate.     These  continue  to  the 
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bottom,  where  the  slate  is  examined,  to  see  whether  it  con- 
tains  any  coal  or  bone,  before  it  passes  into  the  chutes  c^^ 
and  r,^,  which  lead  to  the  waste  pocket  IV^  Fig.  1047. 

Immediately  over  the  slate  chutes,  and  supported  on  iron 
rods,  are  half  round  chutes  (not  shown  in  the  figure),  into 
which  the  slate  pickers  throw  the  bony  coal  and  the  pieces 
that  are  made  up  of  part  slate  and  part  coal.  These  also 
continue  to  the  bottom,  where  they  are  examined,  the  pure 
coal  and  slate  being  separated  therefrom  before  they  are 
taken  to  the  bony-coal  rolls  to  be  broken. 

2913.  The  chestnut  coal  coming  from  the  slate-picker 
screen  ^/,  is  conducted  by  the  rectangular  cross-sectioned 
chute  ^/,,  to  the  telegraph  «'„  by  which  it  is  conducted  to  the 
pocket  L,  without  being  picked  by  hand,  as  the  greater 
quantity  of  the  slate  has  been  removed  by  the  slate-picker 
screen  //,. 

The  egg  coal  coming  out  of  the  end  of  the  egg-coal  screens 
passes  down  the  chute ^,^  until  it  reaches  the  egg-coal  pick- 
ing chute  ^,^,  a  part  of  which  is  cut  off  in  order  to  show  the 
pea-coal  screens /^  and  /^. 

The  egg-coal  picking  chute  and  the  slate  and  bony-coal 
chutes  are  arranged  similarly  to  the  stove-coal  chute  and 
the  slate  and  bony  coal  chutes  just  described. 

The  material  which  slides  down  the  hopper  c^,  under  the 
egg-coal  screens,  passes  into  the  dry  pea-coal  screens /"^  and 
y,.  The  pea  screen  /",  is  arranged,  as  shown  in  the  plan, 
parallel  to  the  screen/],,  which  is  shown  in  this  view.  Both 
screens  are  of  the  same  dimensions,  and  are  driven  by  the 
small  pinion  Z"^,  which  meshes  with  the  screen  gear  /^  of 
screen/",,  which  in  turn  meshes  with  the  screen  gear/,  of 
the  screen  /],.  The  pinion  /^  is  keyed  to  the  same  shaft  as 
the  belt  pulley  /",,  which  is  in  line  with  the  belt  pulley  /*, 
keyed  to  the  main  line  shaft  V.  These  are  double-jacketed 
screens.  The  coal  coming  out  of  the  end  of  the  inside  jacket 
is  pea  coal,  that  coming  out  of  the  end  of  the  outside  jacket 
is  buckwheat,  and  that  dropping  through  the  meshes  of  the 
outside  jacket  into  the  hopper  e^  is  everything  below  buck- 
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wheat.  The  screens  are  supported  at  the  back  end  by 
hangers,  and  the  journals  at  the  front  end  rest  in  boxes, 
supported  by  the  cap  e^. 

The  pea  coal  coming  out  the  end  of  the  inside  jackets 
passes  down  the  chute  e^^  to  the  telegraph,  which  conducts 
it  to  the  pea-coal  pocket  K. 

The  buckwheat  coal  coming  out  the  end  of  the  outside 
jackets  passes  down  the  chute  e^^  to  the  telegraph,  which 
conducts  it  to  the  buckwheat-coal  pocket  /, 

The  coal  that  passes  through  the  meshes  of  the  outside 
jackets  into  the  hopper  e^  passes  into  the  dry  rice-coal  screen 
e^y  which  is  shown  in  this  cross-section  by  a  number  of  cir- 
cular rings,  which  are  the  projections  of  the  circular  screen 
rings  to  which  the  segments  are  bolted.  This  screen  is 
driven,  as  shown,  by  the  small  pinion  e^y  which  meshes  with 
the  screen  gear  e^,  '  The  rope  pulley  e^  is  keyed  to  the  same 
shaft  that  the  small  pinion  e^  is  keyed  to,  and  is  driven  by 
the  rope  pulley  ^„  which  is  keyed  to  the  main  line  shaft  V. 
The  deflecting  pulleys  e^  are  used  to  change  the  direction  of 
the  rope  that  runs  over  the  driving  pulleys  e^  and  e^.  This 
is  a  single- jacketed  screen;  the  coal  coming  out  of  the  end 
is  rice  coal,  the  smallest  size  prepared.  It  passes  down  the 
chute  ^„  to  the  telegraph  «/„  which  conducts  it  to  the  rice- 
coal  pocket  /.  That  which  goes  through  the  meshes  is  culm ; 
it  passes  out  into  the  waste  pocket  IV^  Fig.  1047. 

Part  of  the  coal  that  drops  through  the  meshes  of  the 
three  mud  screens  /,  /„  and  /„  also  that  which  drops  through 
the  meshes  of  the  steamboat  screen  ^^^  passes  into  the  wet 
egg-coal  screens  d^^  and  ^,„  which  are  the  other  two  main 
screens  of  this  breaker,  a  side  view  of  them  being  shown  in 
the  cross-section. 

The  screen  i^^  is  arranged  parallel  to  6^.^^  and  is  of  the 
same  dimensions.  It  is  driven  by  the  small  pinion  ^^,  which 
meshes  with  the  screen  gear  ^,  of  screen  d^^;  b^^  meshes  in 
turn  with  the  screen  gear  b^  of  the  screen  b^^.  The  small 
pinion  b^  is  keyed  to  the  same  shaft  that  the  belt  pulley  b^  is 
keyed  to,  and  which  is  in  line  with  belt  pulley  1  keyed  to 
the  main  line  shaft  V, 
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The  wet  egg  screens  ^„  and  ^,,  are  both  partly  double- 
jacketed  screens.  The  coal  that  comes  out  of  the  end  of  the 
outside  jacket  is  chestnut ;  that  which  drops  through  the 
meshes  of  the  outside  jacket  into  the  hopper  /„  under  the 
egg-coal  screens,  is  everything  below  the  size  of  chestnut; 
that  which  drops  through  the  meshes  of  the  single-jacketed 
portions  of  the  screens  is  stove  coal,  and  that  coming  out  of 
the  end  of  the  screens  is  egg  coal. 

The  back  ends  of  these  screens  are  supported  by  hangers, 
and  the  journals  at  the  front  end  rest  in  boxes,  which  are 
supported  by  one  of  the  cross-beams.  Directly  above  the 
screens  water  troughs  are  arranged,  similar  in  construc- 
tion and  arrangement  to  those  above  the  mud  screens  /,  /„ 
and  /,. 

The  coal  coming  out  of  the  ends  of  the  outside  jackets, 
and  that  dropping  through  the  single- jacketed  portions  of 
the  screens,  is  conducted  by  the  hoppers/",,  andy,,to  the  two 
slate-picker  screens  q^  and  g^.  The  back  ends  of  these 
screens  are  shown  by  the  circular  rings,  which  are  the  pro- 
jections of  the  circular  screen  rings  to  which  the  slate 
pickers  are  fastened. 

As  shown,  these  screens  are  driven  by  bevel-gearing  at  the 
front  end  of  the  screens;  the  small  bevel-gear  wheels  ^,  and 
g^  are  keyed  to  the  same  shaft  as  the  belt  pulley  ^„  which  is 
in  line  with  the  belt  pulley  ^,  keyed  to  the  main  line  shaft  F, 
and  shown  back  of  the  egg-coal  screen  by  the  dotted  lines. 

The  chestnut  coal  coming  out  of  the  end  of  the  slate- 
picker  screen  g^  is  conducted  to  the  chestnut-coal  jigs  /,  /,, 
and  />„  and  the  stove  coal  coming  out  of  the  end  of  the  slate- 
picker  screen  g^  is  conducted  to  the  stove-coal  jigs  /  and  /,. 
This  view  does  not  show  the  chute  that  conducts  the  flat 
slate  and  coal  dropping  out  through  the  openings  in  these 
slate-picker  screens  and  that  coming  from  the  slate  screens 
d^  and  d^  to  the  No,  5  slate-picker  rolls  G. 

The  coal  that  drops  into  the  hopper  /^  from  the  egg-coal 
screens  and  that  coming  down  the  chute  /;,,  from  the  back 
end  of  the  counter  mud  screens  are  run  into  the  wet  pea- 
coal  screens  j^^  and  ^,. 
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The  pea-coal  screen  y^  is  of  the  same  dimensions  as  the 
pea-coal  screen  y^^  the  side  elevation  of  which  is  shown  in 
this  view,  and  arranged  parallel  to  it.  The  screen  y^  is 
driven  by  the  small  pinion  y^  on  the  top  of  the  screen;  this 
pinion  meshes  with  the  gear  y^  of  the  screen  y^,  which  in 
turn  meshes  with  the  screen  gear  y^  of  the  screen  y^. 

The  small  pinion  y^  is  keyed  to  the  same  shaft  as  the  belt 
pulley  ^j,  which  is  in  line  with  the  belt  pulley  y  keyed  to 
the  main  line  shaft  V. 

The  two  wet  pea-coal  screens  y^  and  y^  are  double-jacketed 
screens.  The  coal  coming  out  the  end  of  the  inside 
jackets  is  pea  coal,  that  coming  out  the  end  of  the  out- 
side jackets  is  buckwheat,  and  that  dropping  through  the 
meshes  of  the  outside  jackets  into  the  hopper  f^^  is  every- 
thing below  buckwheat. 

The  pea  coal  coming  out  the  end  of  the  screens  is  carried 
by  the  chute  /j,  to  the  pea-coal  jig  z£/„  and  the  buckwheat 
coming  out  of  the  end  of  the  screens  is  carried  by  the  chute 
f^^  to  the  buckwheat  jig  «/. 

Directly  above  these  screens  are  troughs,  arranged  so  that 
they  can  receive  a  sufficient  quantity  of  water  to  thoroughly 
clean  the  coal.  What  passes  down  the  hopper  /*,,  under  the 
pea-coal  screens  y^  and  y^  passes  into  the  rice-coal  screen  x^. 

The  chutes  g^  and  g^^  in  front  of  the  rice-coal  screen, 
catch  the  coal  as  it  comes  out  of  the  end  of  the  screen  and 
conduct  it  to  the  chute  g^^  which  carries  it  to  the  telegraph 
zt/„  which  conducts  it  to  the  rice-coal  pocket  /. 

291 4.  In  this  view,  p^  /,,  and/,  show  the  front  view  of  the 
chestnut-coal  jigs.  They  may  be  divided  into  two  parts, 
the  upper  being  the  machinery  for  moving  the  pistons  r-r^^ 
and  the  lower,  p-p^^  the  jigs  proper. 

In  constructing  them,  a  water-tight  tank  is  built  that  is 
divided  by  partitions  which  need  be  only  approximately 
water-tight,  as  there  is  water  on  both  sides  of  them.  A 
detail  of  the  general  construction  of  these  jigs  is  shown  in 
Fig.  1032,  with  the  one  exception  of  the  driving  gear  for 
the  pistons.     Here  the  pistons  r^-r^  are  operated  by  cams 
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keyed  to  the  line  shaft  of  the  jigs,  driven  by  the  pulley  r, 
keyed  to  the  same  shaft,  which  is  in  line  with  and  driven 
by  a  pulley  keyed  to  the  main  line  shaft  V. 

From  this  view  the  arrangement  of  the  drag-lines  /,  can 
be  seen;  they  run  over  the  sprocket-wheels  which  are  driven 
by  the  gears  o^  and  the  rope  pulley  t?^  which  is  in  line  with 
and  driven  by  the  rope  pulley  o  keyed  to  the  main  line 
shaft  V. 

The  jigs  /  and  /,  are  used  for  stove  coal ;  j,  and  s^  show 
the  pistons  for  these  jigs,  which  are  driven  by  the  pulley  j,, 
in  line  with  the  belt  pulley  keyed  to  the  main  line  shaft  V. 
The  drag-lines  t^  for  these  jigs  are  driven  by  the  gears  «, 
and  the  rope  pulley  «p  which  is  in  line  with  the  pulley  u 
keyed  to  the  main  line  shaft  V.  The  deflecting  rope  pulleys 
«,  show  the  position  of  the  pulley  that  is  used  to  guide  the 
rope  that  runs  over  the  pulleys  u  and  u^,  above  the  pea 
screens  y^  and  y^. 

The  jigs  7a  and  w^  are  for  buckwheat  and  pea  coal,  and  v^ 
and  v^  show  the  pistons  for  these  jigs,  which  are  driven  by 
the  pulley  v^^  in  line  with  the  driving  pulley  v  on  the  main 
line  shaft  V.  The  drag-lines  t^  and  /,  are  for  the  buckwheat 
and  pea  coal  jigs,  respectively.  These  drags  are  driven  by 
the  gearing  z^,  the  small  pinion  of  which  is  keyed  to  the 
same  shaft  as  the  rope  pulley  r^,  which  is  in  line  with  and 
driven  by  the  rope  pulley  ;;  keyed  to  the  main  line  shaft  V 
of  the  breaker.  The  deflecting  rope  pulleys  xr„  which  are 
shown  here  in  relation  to  the  driving  pulleys  z  and  xr^,  are 
used  to  keep  the  driving  rope  away  from  the  side  of  the  rice- 
coal  screen  x^. 

The  stove,  pea,  and  buckwheat  coal  jigs  are  similar  in  con- 
struction and  arrangement  to  the  chestnut-coal  jigs,  the 
details  of  which  are  shown  in  Fig.  1032. 

2915.  For  this  wet  side  the  picking  chutes  for  the  coal 
as  it  comes  from  the  screens  and  different  drag-lines  are  not 
shown,  but  are  the  same  in  construction  and  arrangement 
as  those  used  on  the  dry  side. 

In  this  cross-section,  w^  shows  the  level  of  the  floor  in  the 
main  picking  room. 
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The  coal  that  comes  out  of  the  end  of  the  three  counter 
mud  screens  /,  /„  and  /,  is  led  by  chutes,  which  are  repre- 
sented in  this  view  by  the  lines and  marked  A„  A„ 

and  h^.  These  chutes  convey  the  coal  into  the  main  picking 
chute  r  (marked  r„  in  Fig.  1047),  where  it  is  picked  by  hand 
and  then  passed  into  the  chute  A^,  which  conducts  it  to  the 
No.  2,  or  monkey  rolls  /?,  a  side  view  of  which  is  shown  in 
this  cross-section. 

2916*  This  view  shows  the  position  of  the  rolls  /?,  the 
driving  pulley  «^,  and  the  gearing.  The  pulley  n^  is  in  line 
with  the  driving  pulley  n  keyed  to  the  main  line  shaft  V. 

The  coal,  upon  leaving  the  monkey  rolls  Z?,  passes  into 
the  broken-coal  screen  ^,  which  is  shown  in  this  cross-section 
by  a  number  of  circular  rings,  which  are  the  proiections  of 
the  circular  screen  rings  to  which  the  segments  are  bolted. 
This  view  shows  the  miter  gear  /  arid  the  rope  pulley  i„ 
which  is  in  line  with  the  rope  pulley  /  keyed  to  the  shaft  of 
the  breaker  engine,  all  of  which  are  used  in  driving  the 
broken-coal  screen  k.  From  this  view  it  can  be  better 
understood  how  the  broken  coal,  as  it  comes  from  the  end  of 
the  broken-coal  screen,  slides  down  the  chutes  leading  to  the 
broken-coal  drag-line  g^^  or  to  the  No.  3  rolls  E. 

This  cross-section  shows  the  side  view  of  the  No.  3  or 
broken-coal  rolls  E^  together  with  the  belt  pulley  ^„  which  is 
in  line  with  the  pulley  e  keyed  to  the  shaft  of  the  breaker 
engine. 

The  broken-coal  drag-line  ^„  which  conveys  the  coal  com- 
ing from  the  broken-coal  screen  k^  iHfriven  by  the  gearing 
g^^  which  is  in  turn  driven  by  the  pulley  g^\  g^  is  in  line  with 
the  belt  pulley  g^  keyed  to  the  shaft  that  drives  the  broken- 
coal  screen. 

The  coal,  upon  leaving  the  drag  chute  A„  through  which 
it  is  conveyed,  passes  into  a  chute  //^,  represented  by  the 

line and  marked  //„  from  which  it  is  picked 

before  it  passes  into  the  broken-coal  loading  pocket  O, 

The  rolls  F  show  the  side  view  of  the  No.  4  rolls,  known 
ds  the  bony-coal  rolls.     They  are  driven  by  the  rope  pulley 
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/"„  which  is  in  line  with  the  rope  pulley /"  keyed  to  the  shaft 
of  the  breaker  engine. 

The  rolls  G  show  the  side  view  of  the  No.  5  rolls,  known 
as  the  slate-picker  rolls.  They  are  driven  by  the  rope  pulley 
^„  which  is  in  line  with  the  rope  pulley  g  keyed  to  the  shaft 
of  the  breaker  engine. 

As  shown,  both  the  No.  4  and  No.  5  rolls  are  on  the  same 
level,  and  the  coal  coming  from  them  is  led  by  the  one  hop- 
per to  the  main  elevator  u^.  The  hopper  is  shown  here  by 
the  line marked  «,. 

2917.  In  this  cross-section  is  shown  the  end  view  of 
the  lump-coal  screenings  elevator  rf„.  The  gearing  d^^ 
consists  of  the  small  pinion  gearing  into  the  spur-wheel 
keyed  to  the  same  shaft  as  the  sprocket-wheels  over  which 
the  elevator-buckets  run.  This  elevator  is  driven  by  the 
pulley  //„,  which  is  in  line  with  the  pulley  d  keyed  to  the 
shaft  d^,  that  drives  the  dry  slate-picker  screens.  As  has 
already  been  stated,  the  coal  is  conveyed  to  these  elevators 
by  a  small  dump-car  running  between  the  lump-coal  chute 
and  the  elevator. 

A  side  view  of  the  main  lip-screenings  elevators  k^^  is 
shown  in  this  cross-section.  This  elevator,  as  well  as  the 
lump-coal  screenings  and  main  elevators,  is  of  the  link  and 
bar  type. 

At  the  bottom  of  the  breaker  a  portion  of  the  continuous 
wall  B\s  removed,  so  as  to  show  the  location  of  the  bottom 
elevator  wheels.  These  wheels  are  located  below  the  load- 
ing tracks,  so  that  condemned  coal  can  be  unloaded  from 
the  railroad-car,  run  into  the  elevator  ^,^,  and  hoisted  into 
the  breaker  to  be  re-prepared. 

The  small  pinion  k^,  the  spur-wheel  /&,,  and  the  driving 
pulley  X',,  all  of  which  are  used  in  the  driving-gear  of  this 
elevator,  are  shown  in  this  view.  They  are  driven  by  the 
rope  pulley  ^„  which  is  keyed  to  the  driving-shaft  of  the 
wet  egg-coal  screens,  the  deflecting  pulleys  k^  being  used  to 
change  the  direction  of  the  driving  rope  r.unning  over  the 
pulleys  k^  and  k^.     The  lip-screenings  separator  k^  is  shown 
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in  this  cross-section  by  two  sets  of  circular  rings,  which  are 
the  projections  of  the  circular  screen  rings  to  which  the  seg- 
ments are  bolted.  The  small  pinion  k^  meshes  with  the 
screen  gear  >&^,  and  is  hidden  by  the  pinion  k^^  which  is  of 
the  same  dimensions  and  keyed  to  the  same  shaft.  The 
chutes  y^  and  y^  conduct  the  buckwheat  and  pea  coal  away 
from  the  lip-screenings  separator  >&,. 

2918.  In  this  cross-section,  a  shows  an  end  view  of  the 
breaker  engine,  while  b  shows  the  front  view  of  the  fly- 
wheel keyed  to  the  breaker-engine  shaft,  and  c  and  c^  show 
the  main  belt  pulleys  keyed  to  the  breaker-engine  shaft. 
These  pulleys  are  in  line  with  the  belt  pulleys  c^  and  c^  keyed 
to  the  main  line  shaft  K 

The  steamboat  and  broken  coal  coming,  from  the  steam- 
boat screens  a^^  and  ^„  is  run  into  the  picking  chutes  r,  and 
r,^,  and  picked.  These  chutes  are  represented  in  this  view 
by  the  line and  marked  r^  and  r,^. 

The  steamboat-coal  coming  from  screen  a^^  after  it  is 
picked  passes  into  the  chute  A,j,  which  conducts  it  to  the 
steamboat  loading  pocket  P. 

The  chute  A„  conducts  the  picked  steamboat-coal  coming 
from  screen  «,,  into  the  chute  A„.  The  broken  coal  coming 
from  the  steamboat  screen  a^^^  after  it  has  been  picked  in  r,^, 
passes  into  the  chute  //j„  which  conducts  it  to  the  chute  A„ 
where  it  is  re-picked  before  entering  the  broken-coal  loading 
pocket  (9.  The  broken  coal  that  is  picked  in  chute  r,^,  com- 
ing from  screen  tf„,  passes  into  the  chute  //,^,  which  conducts 
it  to  chute  //^,. 

In  case  there  is  a  limited  sale  or  no  sale  at  all  for  steam- 
boat and  broken  coal,  the  chute  h^^  is  so  arranged  that  by 
sliding  a  plate  in  the  bottom  of  the  chute  A,p  the  steamboat- 
coal  coming  from  the  two  steamboat  screens  ^„  and  a,,  will 
pas's  down  chute  //,^,  and  from  there  into  the  chute  A„ 
which  leads  to  the  monkey  rolls  D, 

For  broken  coal  there  is  a  similar  arrangement  in  the  bot- 
tom of  the  chute  A,,,  which  allows  the  coal  to  pass  into 
chute  A,,  through  which  it  reaches  the  monkey  rolls  D. 
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291 9.  The  pockets  for  the  prepared  sizes  are  sixteen  in 
number,  all  of  which  are  shown  in  this  view,  /shows  the 
loading  pockets  for  rice  coal,  J  for  buckwheat  coal,  K  for 
pea  coal,  L  for  chestnut  coal,  M  for  stove  coal,  S  for  egg 
coal,  O  for  broken  coal,  and  P  for  steamboat-coal. 

In  the  pocket  L  for  chestnut  coal,  on  the  dry  side,  is 
shown  the  arrangement  of  the  telegraph  zt/,,  which  is  located 
in  the  center  of  the  pocket.  All  the  other  telegraphs  in 
the  pockets  are  arranged  in  the  same  way.  The  floors  of 
the  pockets  are  lined  with  birch  boards  /,.  The  divisions  /, 
between  the  pockets  are  double-boarded. 

In  this  view  one  of  the  loading  gates  4  is  shown  open, 
allowing  the  chestnut  coal  to  pass  over  the  lip  screen  i^. 
The  gate  ^  works  in  cast-iron  slides. 

The  fine  coal  that  drops  through  the  lip  screen  i,  is  taken 
up  by  the  drag-line  >&„,  which  runs  over  the  sprocket-wheels 
>&,,  and  k^^.  The  drag-line  ^„  running  over  the  sprocket- 
wheels  ^„  and  >fr,,  conveys  the  lip  screenings  from  the  wet 
side.  Both  of  these  drag-lines  are  driven  by  the  pulley  >t„ 
keyed  to  the  lip-screenings  elevator  driving-shaft,  which  is 
in  line  with  the  rope  pulley  k^^  keyed  to  the  same  shaft  as 
the  gear-wheel  ^,„  which  gears  with  the  wheels  k^^  and  >t,^, 
and  they  in  turn  drive  the  bevel-gears  ^,,  and  ^„,  which  oper- 
ate the  drag-lines  ^„  and  ^„. 

Directly  above  the  lip  screens,  on  both  the  wet  and  the 
dry  sides,  a  trough  or  pipe  is  arranged,  so  that  the  coal  can 
be  washed  as  it  is  being  loaded  into  the  car  for  shipment. 

In  this  view  all  the  roofs  that  would  interfere  with  the 
view  of  the  machinery  have  been  removed.  Q  shows  the 
roc^  over  a  portion  of  the  rock  and  lump  coal  chute,  /^and 
S  are  roofs  that  cover  a  portion  of  the  breaker  proper,  and 
can  be  better  understood  by  examining  the  side  view  of  the 
breaker  in  connection  with  this  cross-section. 

2920*  Llff  htins  the  Breaker. — No  attempt  has  been 
made  to  show  how  the  breaker  is  lighted.  This  is  one  of 
the  most  important  items  in  the  construction  of  a  breaker. 
The  main  point  in  the  interior  arrangement  is  to  have  as 
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much  available  space  as  possible,  with  an  abundance  of  light, 
especially  in  the  slate-picking  rooms,  in  order  to  economi- 
cally and  carefully  prepare  coal  for  the  market. 

It  has  been  found  by  experience  that  cramped-up  breakers 
are  a  source  of  great  annoyance  and  expense  in  the  proper 
preparation  of  coal. 

There  are  different  ways  of  arranging  window-sashes. 
Those  sliding  horizontally  will  be  found  very  convenient,  as 
they  can  be  most  readily  opened  during  the  summer  months 
for  the  purpose  of  increasing  the  ventilation.  In  the  pick- 
ing rooms  the  windows  are  generally  placed  from  5  to  6  feet 
above  the  floor  level,  so  that  the  attention  of  the  slate  pickers 
will  not  be  drawn  from  their  work  by  any  outside  attraction. 

The  platform  is  another  part  of  the  breaker  that  should 
be  well  lighted  and  ventilated.  The  parts  of  the  breaker 
that  present  any  danger  to  the  parties  in  charge  of  the 
machinery  should  be  well  lighted.  To  still  further  guard 
against  accidents,  hand-railings  should  be  placed  along  the 
sides  of  the  different  walks  in  the  breaker. 

2921.  Heating. — In  the  plans  of  this  breaker  no 
method  has  been  shown  as  to  how  the  breaker  is  heated. 
Usually,  during  the  winter  months  breakers  are  heated  either 
by  steam  or  by  a  number  of  large  cast-iron  stoves.  The 
latter  method  of  heating  is  in  many  cases  very  unsafe,  and 
to  guard  as  much  as  possible  against  fire,  it  is  being  replaced 
by  steam  heat.  Where  steam  is  used,  coils  of  gas-pipe  are 
connected  with  one  or  two  old  cylindrical  boilers,  the  steam 
being  obtained  from  the  different  exhaust-pipes  of  the  engines 
about  the  colliery.  In  case  it  is  necessary,  a  connection,  in 
addition  to  the  above,  is  made  direct  with  the  steam-boilers. 

2922.  Ventilation.  —  In  breakers  where  the  coal  is 
prepared  dry  there  are  large  quantities  of  dust,  and  in  many 
places  the  dust  is  so  thick  that  it  is  almost  impossible  for 
the  slate  picker  to  distinguish  coal  from  slate.  At  such 
places,  small  exhaust-fans  are  sometimes  placed,  either  at  the 
top  or  the  bottom  of  the  breaker,  with  air-pipes  leading  to 
the  different  parts  where  the  dust  is  thickest.     These  fans 
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draw  off  the  dust  from  the  breaker  and  discharge  it  into 
boxes,  where  it  is  dampened  by  a  jet  of  steam,  or  into  a 
quantity  of  water ;  more  frequently,  however,  they  discharge 
it  directly  into  the  open  air. 

Another  method  of  getting  rid  of  the  dust  is  by  stacks 
leading  away  from  the  different  rolls  to  the  open  air. 

In  many  breakers,  and  especially  in  those  where  water  is 
used,  the  only  method  of  ventilating  is  by  means  of  the 
windows. 

THE  PREPARATION  OF  COAL  IS   THE 

BREAKER. 

2923.  Figs.  1046,  1047,  and  1048  illustrate  this  descrip- 
tion.    In  the  plan,  Fig.  1046,  the  line 

indicates  the  course  of  coal  during  prep- 
aration ; 

indicates   the   course   of   the   prepared  coal ; 

indicates  the  course  of  the  slate  and  refuse; 

indicates   the    course  of  the  bony  coal  to  be 


broken. 

» 

2924.  The  mixture  of  coal,  slate,  and  dirt  arrives  at  the 
dumps  «,  and  ^„  in  mine-cars,  where  it  is  dumped ;  the  coal 
first  passes  over  the  main  dump-chute  bars  n-n^^,  which 
allow  most  of  the  smaller  coal  to  pass  through  into  the  mud- 
screen  pocket  0^.  The  coal  that  does  not  drop  through  these 
bars  passes  on  to  the  next  set  of  bars  «,„  so  set  as  to  allow  a 
space  of  5  inches  between  each  two  of  them,  and  that  which 
drops  through  is  led  to  the  main  crushers  C.  Practically  all 
the  coal  smaller  than  lump  coal  passes  through  these  bars,  and 
only  lump  coal  arrives  at  the  platform  g^.  The  lump  coal 
that  arrives  on  the  platform  ^,  is  divided  into  three  sorts, 
the  first  being  the  slate,  which  is  put  into  the  slate  chute  ^,, 
a  division  in  the  lump-coal  chute;  the  second  consists 
of  those  lumps  which  have  been  referred  to  as  chippers,  con- 
taining slate  and  coal.  These  lumps  are  chipped  on  the 
platforms  ^, ;  that  is,  the  slate,  which  can  be  easily  detached 
from  them  with  a  pick,  is  sent  to  the  slate  chute  y„  while 
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the  remaining  coal  is  thrown  into  the  chute  a^^  or  a^^^  Fig. 
1048,  leading  to  the  main  crushers  C.  The  third  product 
consists  of  more  or  less  pure  coal ;  this  is  examined  by  the 
platform  men,  and  that  known  as  the  rouffh,  which  is  not 
suitable  for  lump  coal,  is  shoved  into  one  of  the  holes  in  the 
platform  opening  into  the  main  rolls  C.  Such  lumps  as  are 
suitable  for  lump  coal  are  known  as  the  slassy,  and  are 
pushed  over  the  plates  g^  to  the  lump-coal  chute  ^,,  and 
are  loaded  out  at  g^^  into  the  railroad-cars  for  shipment. 

2925.  All  the  coal  that  has  gone  through  the  main 
dump-chute  bars  ^,-^„  is  accumulated  in  the  mud-screen 
hopper  or  pocket  o^.  From  this  the  coal  is  conveyed  to  the 
three  mud  screens  /,  /„  and  /„  the  feeding*being  regulated  by 
means  of  gates  at  the  bottom  of  the  pocket  o^.  The  coal  that 
enters  these  three  mud  screens  is  washed  by  means  of  the 
water  that  pours  over  the  sides  of  the  three  troughs  erected 
above  the  screens,  which  have  already  been  explained.  This 
washing  assists  greatly  in  the  separation,  more  especially  in 
that  of  the  smaller  sizes. 

In  the  mud  screens  /,  /„  and  /„  the  first  segments  extract 
all  sizes  below  chestnut  coal,  which  are  conducted  by  the 
chute  j„  Fig.  1047,  until  they  reach  the  chute  ^,,,  Fig.  1048, 
leading  to  the  hopper  /,,  under  the  egg-coal  screens ;  this 
hopper  then  conducts  them  to  the  wet  pea-coal  screens 
A  and  y,. 

The  other  two  segments  on  the  mud  screens  /,  /„  and  /, 
take  out  everything  below  the  size  of  broken  coal,  which  is 
conducted  by  the  chute  j„  Fig.  1047,  to  the  chute  ^,j,  Fig. 
1048,  through  which  it  reaches  the  wet  egg-coal  screens 
b^^  and  d^^. 

2026.  The  coal  coming  out  of  the  ends  of  these  three 
mud  screens  generally  consists  of  long,  flat  pieces;  this  coal 
must  first  be  broken  before  it  can  be  put  into  marketable 
shape;  it  is  conducted  by  the  chute  r,„  Fig.  1047,  and  r. 
Fig.  1048,  to  the  slate-picking  room  r,„  where  men  and  boys 
alongside  of  the  chute  remove  the  slate.     From  this  room  the 
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coal  passes  into  the  chute  //^,  Fig.  1048,  which  conducts  it  to 
the  prepared-coal  or  monkey  rolls  D. 

The  coal  from  the  platform  ^„  together  with  that  from  the 
bars  ;i,„  which  has  been  broken,  passes  from  the  rolls  C  into 
the  roller  hopper  r^,  which  conducts  it  to  the  chutes  r,  lead- 
ing to  the  two  steamboat  screens  ^„  and  a^^.  These  screens 
make  steamboat  and  broken  coal,  and  are  double-jacketed, 
the  steamboat  coming  out  the  end  of  the  inside  jacket,  and 
the  broken  coal  out  the  end  of  the  outside  jacket;  what 
drops  through  the  meshes  of  these  outside  jackets  is  every- 
thing below  the  size  of  broken  coal. 

The  steamboat  and  broken  coal  coming  out  the  end  of  the 
screens  a^^  and  ^,,  is  conducted  by  the  chutes  r,  and  r^,  to 
the  slate-picking  room  r^,,  where  the  slate  and  bony  coal  are 
removed.  The  slate  goes  to  the  waste  pocket  and  the  bony 
coal  into  the  chute  r„,  Fig.  1047  (or  r,  Fig.  1048),  which 
conveys  it  to  the  monkey  rolls  D,  The  steamboat-coal  that 
is  picked  goes  to  the  steamboat  pocket  P,  and  the  broken 
coal  goes  to  the  broken-coal  pocket  (?,  unless  there  is  no 
sale  for  the  same,  in  which  case  it  is  conducted  by  the 
chutes  //j^  and  A„  to  the  monkey  rolls  /?,  the  operation  of 
which  has  already  been  described. 

The  coal  that  drops  through  the  meshes  of  the  outside 
jackets  on  the  steamboat  screens  a,,  and  a,,  is  everything 
below  the  size  of  broken  coal,  a  portion  of  it  going  to  the 
dry  egg-coal  screens  b^^  and  ^,^,  and  the  remainder  going  to 
the  wet  egg-coal  screens  b^^  and  ^„;  hence,  the  coal  to  be 
prepared  wet  in  this  breaker  is  all  that  coming  from  the 
three  mud  screens  /,  /„  and  /,  and  a  portion  of  the  coal 
smaller  than  broken  that  is  crushed  by  the  main  rolls  C. 

2927.  All  this  coal,  with  the  exception  of  that  below 
the  size  of  chestnut,  from  the  mud  screens  /,  /,,  and  /.passes 
into  the  wet  egg-coal  screens  i„  and  ^„;  these  screens  make 
^%%,  stove,  and  chestnut  coal.  The  ^%%  coming  out  over 
the  end  of  the  screens  runs  directly  to  the  picking  chutes, 
where  the  slate  and  bone  are  removed  by  the  slate  pickers  in 
the  main  picking  room,  the  floor  of  which  is  shown  by  w  in 
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Fig.  1047  and  w^  in  Fig.  1048.  From  the  picking  chutes 
it  goes  direct  to  the  pocket  N^  from  which  it  is  loaded  out 
over  the  lip  screens  into  the  railroad-cars  for  shipment. 

2928.  The  stove  coal  coming  from  these  egg-coal 
screens  is  conveyed  by  the  hopper  /"„  to  the  slate-picker 
screen  q^^  where  a  large  part  of  the  flat  slate  and  coal  is 
removed.  The  coal  coming  from  the  slate-picker  screen  q^ 
is  conveyed  by  chutes  to  the  stove-coal  jigs  t  and  Z^,  where 
it  is  washed  and  the  larger  part  of  the  slate  removed ;  from 
these  jigs  the  coal  is  conveyed  by  the  drag-lines  t^  to  the  pick- 
ing chutes,  where  the  very  light  flat  slate  that  has  not  been 
removed,  either  by  the  slate-picker  screen  or  jigs,  is  picked 
out  by  the  slate-picker  boys;  they  also  remove  the  bony 
coal  that  would  interfere  with  the  sale  of  the  coal.  The 
coal,  after  it  has  been  picked,  passes  directly  to  the  stove- 
coal  pocket  M, 

2929.  The  chestnut  coal  comes  out  the  end  of  the  out- 
side jacket  of  these  screens,  and  is  conducted  by  the  chute 
/"j,  to  the  slate-picker  screen  q^,  where  a  large  part  of  the  flat 
slate  and  coal  is  removed.  The  coal  coming  from  this  slate- 
picker  screen  is  conveyed  to  the  jigs/,/,,  and/,,  which  are 
known  as  the  chestnut-coal  Jigs.  Here  the  coal  is  washed 
and  the  greater  part  of  the  slate  removed.  The  coal 
from  these  jigs  is  conveyed  by  the  drag-lines  t^  to  a  chute 
which  leads  directly  to  the  chestnut-coal  pocket  L.  That 
which  drops  through  the  meshes  of  the  outside  jacket  on 
these  egg-coal  screens  b^^  and  ^„  is  everything  below  the 
size  of  chestnut,  and  is  conveyed  with  the  same  product 
coming  from  the  mud  screens  /,  /,,  and  /,  through  the  hop- 
per f^  to  the  wet  pea-coal  screens  y^  and  y^^  which  make 
pea  and  buckwheat  coal.  The  pea  coal  coming  out  the  end 
of  the  inside  jackets  of  these  screens  is  conveyed  by  the 
chute  /",,  to  the  pea-coal  jig  zt/,,  where  it  is  washed  and  the 
greater  part  of  the  slate  removed. 

The  coal  from  this  jig  is  conveyed  by  the  drag-line  /,  to  a 
chute  which  leads  directly  to  the  pea-coal  pocket  K. 
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2930*  The  buckwheat  coal  coming  out  of  the  end  of 
the  outside  jacket  is  conveyed  by  the  chute  f^^  to  the  buck- 
wheat-coal jig  w^  where  it  is  washed  and  the  greater  part  of 
the  slate  removed.  The  coal  from  this  jig  is  conveyed  by 
the  drag-line  /,  to  a  chute  which  leads  directly  to  the  buck- 
wheat-coal pocket  J. 

That  which  drops  through  the  meshes  of  the  outside 
jacket  on  these  screens  is  everything  smaller  than  buck- 
wheat, and  is  conveyed  by  the  hopper  /",,  to  the  rice-coal 
screen  x^  which  makes  the  rice  coal.  The  rice  coal  that 
comes  out  of  the  end  of  this  screen  is  conveyed  by  the 
chute  g^  to  the  rice-coal  pocket  /.  What  drops  through  the 
meshes  in  this  screen  is  culm  or  waste,  and  is  conveyed  by 
the  water  that  is  used  on  the  screen,  through  troughs  U^ 
Fig.  1046,  to  the  slush  bank,  where  it  is  deposited. 

2931*  The  large  coal  coming  from  the  front  end  of  the 
mud  screens  /,  /„  and  /,,  together  with  that,  when  there  is 
no  sale  for  steamboat  and  broken,  coming  from  the  ends  of 
the  steamboat  screens  a^^  and  ^,„  is  all  broken  up  by  the 
monkey  rolls  D^  and  is  conveyed  by  the  roller  hopper  u\  to 
the  broken-coal  screen  k  which  makes  broken  coal.  The 
broken  coal  coming  out  the  end  of  the  screen  slides  down  a 
chute  leading  to  the  broken-coal  drag-line  ^^,  which  conveys 
the  coal  to  the  chute  A„  Fig.  1048,  where  it  is  picked  before 
entering  the  broken-coal  pocket  O.  That  which  drops 
through  the  meshes  in  the  broken-coal  screen/'  is  every- 
thing below  the  size  of  broken  coal,  and  is  conveyed  by  the 
hopper  u^  to  the  main  elevator  u^.  When  there  is  a  limited 
sale,  or  no  sale  for  broken  coal,  it  is  run  into  the  No.  3  rolls 
-£",  which  break  it  into  sizes  below  broken  coal.  These  rolls 
are  also  so  arranged  that  the  coal  can  be  broken  into  sizes 
below  t,%^  coal.  The  coal  coming  from  these  rolls  is  con- 
veyed by  the  roller  hopper  u  to  the  main  elevator  u^. 

2932.  All  the  coal  that  is  elevated  by  the  main  eleva- 
tor w^,  and  that  portion  coming  from  the  steamboat  screen 
a, J,  is  conveyed  by  the  hopper  A,^,  under  the  steamboat  screen 
a,„  to  the  dry  egg-coal  screens  ^„  and  b^^.     The  coal  that 
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reaches  these  screens  is,  practically  speaking,  dry,  and  in  its 
preparation  no  water  is  used  until  the  coal  is  being  loaded 
into  the  railroad-cars  for  shipment ;  hence,  this  side  of  the 
breaker  that  is  about  to  be  described  is  the  dry  side  (see 
Fig.  1048). 

The  dry  egg-coal  screens,  ^„  and  b^^  prepare  ^^%^  stove,  and 
chestnut  coal.  The  ^^%  coal  coming  out  of  the  end  of  these 
screens  is  conducted  by  the  chutes  d^^  to  the  picking  chute 
rf,^,  where  the  slate  and  bone  are  taken  out  before  entering 
the  egg-coal  pocket  N. 

2933*  The  stove  coal  coming  from  the  three  segments 
that  compose  the  single-jacketed  portions  of  these  screens 
is  conducted  to  the  slate-picker  screen  d^^  where  the  greater 
part  of  the  flat  slate  and  coal  is  taken  out.  The  stove  coal 
as  it  comes  from  this  slate-picker  screen  passes  into  the  slate- 
picking  chute  H^  where  the  slate  and  bony  coal  are  picked 
out  before  allowing  the  coal  to  enter  the  stove-coal  pocket 
M,  The  coal  coming  out  the  end  of  the  outside  jacket  of 
these  screens  is  chestnut  coal,  and  it  passes  to  the  slate- 
picker  screen  d^^  where  the  greater  part  of  the  flat  slate  and 
coal  is  removed.  The  coal  coming  out  of  the  end  of  this 
screen  is  conducted  by  the  chute  d^^  directly  to  the  chestnut- 
coal  pocket  L,  What  drops  through  the  meshes  of  the  out- 
side jacket  of  these  screens  b^^  and  b^^  is  everything  below 
chestnut  coal,  and  is  conducted  by  the  hopper  c^  to  the  two 
pea-coal  screens  /,  and  f^  which  make  pea  and  buckwheat 
coal.  The  pea  coal  coming  out  of  the  end  of  the  inside 
jacket  of  the  screens  is  conveyed  by  the  chute  e^^  to  the  pea- 
coal  pocket  K.  The  buckwheat  coming  out  of  the  end  of 
the  outside  jacket  of  these  screens  is  conducted  by  the  chute 
e^^  to  the  buckwheat-coal  pocket  J, 

What  drops  through  the  meshes  of  the  outside  jacket  of 
these  screens/,  and/j,  is  everything  below  the  size  of  buck- 
wheat, and  is  conveyed  by  the  hopper  e^  to  the  rice-coal 
screen  e^^  which  makes  rice  coal.  The  rice  coal  is  conveyed 
by  the  chute  e^^  to  the  rice-coal  pocket  /.  What  drops 
through  the  meshes  of  this  screen  is  culm,  or  waste,  which 
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goes  directly  to  the  waste  pocket  IV,  Fig.  1047,  located  un- 
derneath the  screen. 

2934*  By  examining  the  plan,  Fig.  1046,  it  will  be  seen 
that  all  the  bony  coal  coming  from  the  picking  chutes  is 
conveyed  to  a  point  T  in  the  breaker  by  a  small  dump-car, 
and  dumped  into  a  chute  leading  to  the  No.  4  rolls  J*\  which 
are  known  as  the  bony-coal  rolls.  These  rolls  break  the 
bony  coal  into  sizes  below  stove  coal ;  the  coal  is  then  con- 
veyed by  the  roller  hopper  «„  Figs.  1047  and  1048,  to  the 
main  elevator  «^,  which  elevates  it,  the  preparation  being 
performed  by  passing  through  the  screens  on  the  dry  side. 
In  this  same  plan  it  is  shown  that  the  whole  of  the  flat  slate 
and  coal  coming  from  the  four  slate-picker  screens  d^,  d^,  q^, 
and  q^  is  conveyed  by  chutes  to  the  No.  5  rolls  G,  known  as 
the  slate-picker  rolls,  and  is  broken  up  by  these  rolls  into  all 
sizes  below  chestnut  coal.  The  roller  hopper  ti^  conveys 
everything  from  these  rolls  to  the  main  elevator  u^\  this 
product  is  also  prepared  by  passing  through  the  screens  on 
the  dry  side. 

2936.  The  pieces  that  drop  through  the  different  lip 
screens,  as  the  coal  is  being  loaded  into  the  railroad-cars  for 
shipment,  vary  in  size,  for  it  will  be  noticed  upon  examin- 
ing the  lip  screens  over  which  the  steamboat-coal  passes, 
that  the  spaces  between  the  bars  are  much  greater  than 
those  over  which  the  chestnut  coal  is  made  to  pass.  All  the 
coal  coming  from  these  lip  screens  is  conveyed  by  the  drag- 
lines /{'„  and  /'„  to  the  elevator  k^^.  In  the  drag  chutes  x^, 
through  which  the  drag-lines  ^'„  and  ^„  work,  are  a  number 
of  perforated  plates  which  take  out  the  water  that  is  used  in 
washing  the  coal  as  it  is  being  loaded  into  the  railroad-cars. 

2936.  The  coal  that  is  elevated  by  the  elevator  k^^ 
passes  into  the  lip-coal  separator  k^  which  makes  pea  and 
buckwheat  coal.  The  buckwheat  coal  comes  out  the  end  of 
the  outside  jacket  on  this  screen,  and  is  conveyed  by  the 
chute  J,  to  the  buckwheat-coal  loading  pocket  J.  The  pea 
coal  drops  through  the  meshes  of  the  single-jacketed  portion 
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of  this  screen,  and  is  conveyed  by  the  chute  y^  to  the  pea- 
coal  loading  pocket  K.  What  drops  through  the  meshes  of 
the  outside  jacket,  and  that  coming  out  the  end  of  the  screen 
k^^  is  conveyed  by  the  hopper  /^,  Fig.  1047,  to  the  main  ele- 
vator 7^j,  and  receives  preparation  on  the  dry  side. 

In  the  plan  it  is  shown  that  the  lip-screenings  coal  com- 
ing from  the  lump-coal  chute,  that  is  elevated  by  the  elevator 
rf,„  first  passes  into  the  broken-coal  screen,  and  finally  reaches 
the  main  elevator  w^,  where  it  is  prepared  on  the  dry  side. 

2937.  The  side  elevation.  Fig.  1047,  shows  that  the 
slate  from  the  different  jigs,  and  that  coming  from  the  dif- 
ferent picking  chutes,  together  with  the  waste  coming  from 
the  dry  rice-coal  screen,  is  all  conveyed  to  the  large  waste 
pocket  W^  and  is  loaded,  together  with  the  rock  that  comes 
from  the  platform  and  collects  in  the  rock  chute,  in  dump- 
cars  that  run  over  the  double  tracks  formed  by  the  rails 
A»  Ao»  and  /„. 

2938.  The  refuse  coming  from  the  wet  rice-coal  screen 
is  carried  off  by  troughs,  which  are  indicated  in  the  plan. 

Fig.  1046,  by  the  line and  marked   U,     The 

water  coming  from  the  overflows  of  the  jigs  also  carries  a 
certain  amount  of  sediment.  This  water,  with  that  coming 
from  the  slush  boxes  of  the  jigs,  is  conveyed  to  the  trough 
i7  leading  to  the  slush  bank. 

2939.  In  Figs.  1046,  1047,  and  1048,  no  attempt  has  been 
made  to  show  where  the  coal  that  is  used  in  generating 
steam  for  the  plant  is  taken  from.  This  will  depend  upon 
what  size  is  to  be  burned.  If  it  is  rice  coal,  it  would  no 
doubt  be  taken  from  the  rice-coal  screen  i\  on  the  dry  side; 
in  case  it  is  buckwheat,  the  buckwheat  coal  coming  from 
the  pea-coal  screens  y,  and  f^  would  suggest  itself ;  or,  as  is 
very  often  the  case,  the  slate-picker  stuff  coming  from  the 
slate-picker  screens  is  used. 
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It  will  be  noticed  that  the  various  Question  Papers  that 
follow  have  been  given  the  same  section  numbers  as  the 
Instruction  Papers  to  which  they  refer.  No  attempt  should 
be  made  to  answer  any  of  the  questions  or  to  solve  any  of 
the  examples  until  the  Instruction  Paper  having  the  same 
section  number  as  the  Question  Paper  in  which  the  questions 
or  examples  occur  has  been  carefully  studied. 


MINE  HAULAGE. 


(1459)  How  many  stages  of  underground  haulage  are 
there,  and  which  should  be  the  shorter  ? 

(1460)  How  many  classes  of  wire-rope  haulage  are  there  ? 
Name  them. 

(1461)  Is  it  always  economy  to  use  a  self-acting  plane  for 
haulage  ?     Give  reasons. 

(1462)  In  what  does  the  mechanism  used  on  self-acting 
planes  with  heavy  pitches  differ  from  that  used  on  self-acting 
planes  with  light  pitches  ? 

(1463)  Which  is  preferable  on  a  self-acting  plane  with  a 
light  pitch,  a  two-rope  system  or  an  endless-rope  system  ? 

(1464)  What  is  essential  when  the  length  of  a  gravity- 
plane  of  light  pitch  run  with  a  pair  of  ropes  is  increased  ? 

(1465)  Under  what  conditions  are  gravity-planes  of  great 
value  in  mine  haulage  ? 

(1466)  Describe  that  type  of  self-acting  incline  known  as 
a  jig. 

(1467)  On  an  ordinary  self-acting  incline  run  by  two 
ropes,  why  must  one  rope  run  off  the  bottom  of  the  drum 
while  the  other  runs  off  the  top  ? 

(1468)  At  what  point  on  a  self-acting  plane  run  by  two 
ropes  do  the  trains  begin  to  acquire  a  higher  velocity,  and 
why  ? 

(1469)  What  mechanisms  are  sometimes  used  to  replace 
a  drum  on  a  self-acting  incline  ? 

(1470)  Under  what  conditions  is  it  necessary  to  make  the 
opening  for  the  self-acting  plane  as  narrow  as  possible  ? 
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(1471)  Why  is  timbering  on  a  self-acting  incline  a  source 
of  danger  and  expense  ? 

(1472)  What  provision  should  be  made  on  a  self-acting 
incline  to  prevent  a  train  from  running  away,  in  case  the 
rope  should  break  ? 

(1473)  What  advantage  has  a  grip-wheel  over  a  double- 
rope  reel  ? 

(1474)  How  does  a  grip-wheel  hold  the  rope  ? 

(1475)  What  arc  the  advantages  of  geared  drums  ? 

(147C)  What  are  deflecting  sheaves,  and  what  are  their 
uses  ? 

(1477)  What  are  the  disadvantages  of  a  fleet-wheel  ? 

(1478)  On  a  drum  of  given  size,  one  rope  has  two  turns 
around  the  drum  and  another  has  four  turns;  how  much 
more  hold  or  grip  has  the  latter  than  the  former  ? 

(1479)  If  two  wheels  are  connected  by  rope  belts,  and 
there  are  two  half  coils  on  each  wheel,  how  many  coils  would 
that  be  equal  to  if  but  one  wheel  were  used  ? 

(1480)  In  case  you  had  a  self-acting  incline  of  uniform 
grade  that  did  not  work,  by  what  means  could  that  plane 
be  made  self-acting;  that  is,  how  and  where  would  you 
change  the  grade  to  make  it  self-acting  ? 

(1481)  What  is  the  cause  that  retards  the  extension  and 
rapid  action  of  self-acting  inclines  at  small  pitches  ? 

(1482)  How  many  varieties  of  brakes  for  self-acting 
drums  are  there  ?     Describe  each. 

(1483)  What  three  important  points  regarding  inclina- 
tion must  be  considered  in  the  operation  of  gravity-planes  ? 

(1484)  What  is  the  operative  force  of  self-acting  inclines  ? 

(1485)  If  a  body  weighing  500  pounds  moves  down  an 
incline  through  a  distance  of  200  feet,  and  falls  a  vertical 
height  of  20  feet,  what  weight  rising  vertically  will  balance 
the  body  moving  down  the  incline  ? 

(1486)  How  is  the  pull  affected  when  the  rope  is  not 
parallel  to  the  incline  ? 
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(1487)  What  two  considerations  are  most  prominent  in 
the  operation  of  gravity-planes  ? 

(1488)  If  a  rope  1,800  feet  long  weighs  3,500  pounds, 
and  the  incline  of  the  plane  on  which  it  is  used  is  equal  to  a 
grade  of  12  per  cent. ,  what  force  is  required  to  move  the 
rope  ?  Ans.  507.5  lb. 

(1489)  How  do  you  find  the  friction  due  to  an  empty  car 
descending  a  gravity-plane,  and  a  loaded  car  ascending  ? 

(1490)  A  gravity-plane  has  a  grade  of  10  per  cent.  It  is 
2,500  feet  in  length,  and  the  rope  attached  to  the  empty 
cars  at  the  foot  of  the  incline  weighs  4,200  pounds.  A 
loaded  car  weighs  4,000  pounds,  and  an  empty  one  1,800 
pounds.  What  is  the  number  of  cars  that  must  be  run  in  a 
train  to  overcome  the  resistance  of  the  rope  at  the  start  of 
the  run  ?  Ans.  7  cars. 

(1491)  On  what  kind  of  inclines  can  the  jig  system  be 
successfully  used  ? 

(1492)  Prove  that  the  jig  system  can  not  be  used  on  an 
incline  with  25  per  cent,  grade,  length  of  road  250  feet, 
weight  of  rope  per  foot  of  length  1.5  pounds,  weight  of  a  full 
car  4,000  pounds,  weight  of  an  empty  car  1,800  pounds,  and 
the  weight  of  the  jig  2,900  pounds. 

(1493)  How  can  the  grade  be  changed  in  the  jig  incline 
mentioned  in  Question  1492  so  as  to  make  it  operate  ? 

(1494)  What  is  the  best  plan  to  determine  the  size  of  the 
rope  for  use  on  a  self-acting  incline  ? 

(1495)  What  is  the  tension  in  a  rope  when  the  loaded 
cars  leave  the  top  of  the  incline  under  the  following  con- 
ditions: A  loaded  car  weighs  4,000  pounds  and  an  empty 
car  1,800  pounds.  There  are  two  cars  in  a  train,  and  the 
grade  is  one  of  25  per  cent. ;  the  length  of  the  incline  is 
1,500  feet,  and  the  weight  of  the  rope  per  foot  of  length  is 
.8  pound?  Ans.  1,320  lb. 

(1496)  What  track  arrangements  should  there  be  at  the 
head  of  gravity-planes  on  which  the  descending  loaded  cars 
raise  the  empty  ones  ? 
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(1497)  What  precautions  should  be  taken  to  prevent  cars 
from  descending  the  plane  before  they  are  properly  attached 
to  the  rope  ? 

(1498)  What  is  a  safety-lock,  and  for  what  is  it  used  ? 

(1499)  Under  what  conditions  are  engine-planes  adopted 
for  haulage  ? 

(1500)  What  are  the  three  general  classes  of  engine- 
planes  ? 

(1501)  In  what  cases  are  engine-planes  superior  to  other 
systems  of  haulage  ? 

(1502)  Wnere,  besides  at  the  head  of  the  engine-plane, 
are  the  haulage-engines  sometimes  located  ? 

( 1 503)  What  is  a  barney  f 

(1504)  .How  are  sheaves  set  to  carry  the  rope  around  a 
curve  ? 

(1505)  What  is  a  drag-bar,  and  what  is  its  use  ? 

(1506)  Under  what  conditions  is  the  length  of  an  engine- 
plane  haulage  such  as  to  make  it  uneconomical  ? 

(1507)  What  is  the  maximum  number  of  cars  that  should 
be  run  in  a  train,  and  what  is  the  minimum  grade  for  an 
engine-plane  to  attain  an  average  speed  of  10  miles  per 
hour,  when  empty  cars  are  running  back  ? 

(1508)  If  on  an  engine-plane  18  loaded  cars  weighing 
4,000  pounds  each  are  hoisted  with  a  haulage-rope  5,000 
feet  long,  and  weighing  .88  pound  per  foot,  what  is  the  ten- 
sion in  the  rope  at  the  moment  the  engine  hauls  away  ffom 
the  bottom  of  the  incline,  the  grade  being  5  per  cent.? 

Ans.   5,730  1b. 

(1500)     If  the  train  in  Question  1508  has  a  velocity  of  10 

miles  per  hour,  what  is  the  horsepower  required  to  do  the 

work  ?  Ans.   152.8  H.  P. 

(1510)  Why,  in  calculating  tension  on  the  rope,  or  the 
horsepower  required,  should  the  full  weight  of  the  rope  be 
taken,  instead  of  the  average  weight  ? 

(1511)  Which  is  more  economical:  to  increase  the  speed 
of  the  haulage  so  as  to  make  double  the  number  of  trips 
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with  half  the  number  of  cars  and  with  a  lighter  rope,  or  to 
run  at  half  the  speed  with  double  the  load  and  a  heavy 
rope  ? 

(1512)  In  case  the  hoisting-shaft  is  situated  in  a  shallow 
basin  of  such  character  that  the  loaded  trains  will  run  by 
gravity  to  the  shaft,  and  with  sufficient  fall  to  haul  the 
empty  trains  into  the  different  stations  in  the  workings, 
how  can  engine-plane  haulage  be  modified  so  as  to  form  a 
cheap  and  efficient  system  of  haulage  ? 

(1513)  What  horsepower  is  required  to  haul  25  empty 
cars  along  an  incline  3,000  feet  long,  on  a  grade  of  5  per 
cent.,  each  empty  car  weighing  1,500  pounds,  the  weight  of 
the  rope  per  foot  of  length  being  .88  pound,  and  the  maxi- 
mum velocity  of  the  train  being  12  miles  per  hour  ? 

Ans.  94.2  H.  P. 

(1514)  On  what  classes  of  roads  can  the  tail-rope  system 
of  haulage  be  adopted  with  success  ? 

(1515)  In  what  general  feature  does  the  tail-rope  system 
of  haulage  differ  from  other  systems  ? 

(1516)  Which  is  called  the  main  rope  and  which  the  tail- 
rope  in  the  tail-rope  system  of  haulage  ? 

(1517)  What  are  the  general  features  of  tail-rope  haulage? 

(1518)  In  running  a  tail-rope  haulage  system,  what  are 
the  duties  of  the  engineer  to  insure  the  successful  operation 
of  the  system  ? 

(1519)  Under  what  conditions  are  geared  engines  more 
economical  for  tail-rope  haulage  than  direct-motion  engines, 
and  under  what  conditions  is  the  direct-motion  engine 
preferable  ? 

(1520)  How  can  a  tail-rope  haulage  be  made  to  haul 
from  two  or  more  different  districts  in  the  mine  ? 

(1521)  Are  the  main  and  tail  ropes  of  a  tail-rope  haulage 
always  of  the  same  weight  per  linear  foot  ?  If  not,  why 
not  ? 

(1522)  The  greatest  length  of  main  and  tail  rope  haul- 
age  in   a   certain   mine   is   7,000  feet,    and  the  tracks  are 
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perfectly  level;  the  weight  per  foot  of  the  main  rope  is  .7 
pound,  the  weight  per  foot  of  the  tail-rope  is  .6  pound,  the 
full  cars  weigh  4,500  pounds,  the  empty  cars  1,500  pounds, 
and  the  trains  consist  of  20  cars,  (a)  What  is  the  tension 
on  the  main  and  tail  ropes  ?  {d)  If  the  average  speed  of 
trains  is  10  miles  per  hour,  what  is. the  horsepower  of  the 
hauling  engines  due  to  the  maximum  tension  in  the  ropes  ? 

Ans.   (d)  6G.1  H.  P. 

(1523)  In  a  short  portion  of  a  mine  with  tail-rope  haul- 
age, the  main  rope  must  haul  a  train  of  20  loaded  cars  up  a 
grade  of  3  per  cent. ;  what  is  the  maximum  tension  in  the 
main  rope  when  a  full  car  weighs  4,500  pounds,  the  main 
rope  weighs  1.2  pounds  per  foot,  the  tail-rope  .88  pound  per 
foot,  and  the  length  of  the  track  is  6,000  feet  ? 

Ans.   5,262  lb. 

(1524)  If  in  a  level  haulage  6,000  feet  long  there  is  a 
slight  up  grade  00  feet  in  length,  and  the  power  required  for 
the  level  road  is  90  horsepower,  what  is  the  increased  power 
exerted  in  hauling  the  load  up  the  short  grade  ? 

Ans.  90.9  H.  P. 

(1525)  All  the  roads  of  a  tail-rope  haulage  leading  to  the 
shaft  have  a  mean  fall  of  4  per  cent.  The  greatest  length 
of  run  is  4,000  feet,  the  mean  velocity  is  11  miles  per  hour, 
the  haulage-rope  weighs. 88  pound  per  foot,  the  trains  con- 
sist of  20  cars,  each  loaded  car  weighing  5,000  pounds,  and 
each  empty  car  2,000  pounds,  (a)  What  are  the  tensionjs 
in  the  main  and  (d)  the  tail  rope,  respectively  ?     (c)  What  is 

the  horsepower  of  the  haulage-engine  ? 

(  (a)  -  1,324  lb. 

Ans.  ]   (6)       2,776  lb. 

(   {c)     81.4  H.  P. 

(1526)  If  in  Question  1525  the  main  rope  and  tail-rope 
weigh  .6  pound  and  3.65  pounds  per  foot,  respectively,  (a) 
what  will  be  the  tension  in  each  rope,  and  {d)  what  will  be 
the  required  horsepower  of  the  haulage-engine  ? 

Ans.  (6)  74.4  H.  P. 
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(1527)  What  should  be  the  maximum  velocity  of  trains 
in  main  and  tail  rope  haulage,  and  why  ? 

(1528)  What  factors  must  be  determined  before  assuming 
the  number  of  cars  that  should  be  attached  in  a  train  in  tail- 
rope  haulage  ? 

(1529)  How  are  these  factors  found  ? 

(1530)  How  many  trains  can  be  run  out  by  a  main  and 
tail  rope  haulage  in  one  day  of  10  hours,  the  speed  of  the 
rope  being  12  miles  per  hour,  and  the  length  of  the  five  dis- 
tricts being  as  follows:  a,  6,000  feet;  b,  4,800  feet;  c,  2,500 
feet;  d,  7,000  feet;  e,  3,000  feet  ? 

(1531)  If  the  output  of  a  mine  is  2,500  tons  of  coal  per 
day,  and  the  number  of  trains  to  haul  out  this  quantity  is 
46,  and  if  each  car  carries  2.5  tons,  how  many  cars  must  be 
used  to  do  the  work  ?  Ans.  22  cars. 

(1532)  Find  (a)  the  number  of  trains  that  can  be  run  out 
per  day,  {J>)  the  number  of  cars  in  a  train,  and  (r)  the  horse- 
power of  the  engine  of  a  main  and  tail  rope  haulage,  for  an 
output  of  2,500  tons  in  10  hours.  The  coal  has  to  be  hauled 
out  of  4  districts,  a^  b,  c,  and  ^,  whose  lengths  are,  respect- 
ively, 4,250  ft.,  3,012ft.,  756  ft.,  and  514  ft.  The  average 
up  grade  of  the  roads  is  3  per  cent,  towards  the  shaft.  The 
cars  carry  2.5  tons  each,  an  empty  car  weighs  2,000  pounds, 
the  weight  of  the  rope  is  1.5  lb.  per  foot,  and  the  speed  of 
the  trains  is  11  miles  an  hour.  Allow  ^  of  the  time  for 
delays  in  haulage. 

Ans.   {a)  91  trains,     (b)  11  cars,     {c)  133.6  H.  P.,  nearly. 

(1533)  What  three  most  important  points  must  be  kept 
in  view  in  the  construction  of  tail-rope  couplings  ? 

(1534)  What  are  the  uses  of  the  couplings  of  the  tail-rope 
for  a  main  and  tail  rope  haulage  ? 

(1535)  Describe  in  your  own  words  what  you  consider 
the  best  kind  of  main  socket  for  main  and  tail  ropes. 

(1536)  Describe  a  slip  or  detaching-hook  for  disconnecting 
a  haulage-rope  with  a  train  of  cars. 
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(1537)  Why  is  it  sometimes  better  to  locate  the  engine 
and  drum  for  underground  haulage  at  the  surface  than  to 
fix  them  in  the  mine  ? 

(1538)  Describe  the  modes  of  conducting  the  haulage- 
ropes  from  the  surface  to  the  underground  workings  of  a 
mine. 

(1539)  Which  are  better,  double  or  single  tracks  for  main 
and  tail  rope  haulage  in  the  underground  workings  of  a  mine  ? 

(1540)  Describe  the  principles  of  action  of  the  endless- 
rope  system  of  haulage. 

(1541)  Explain  the  arrangement  of  the  rope  band  in 
reference  to  three  of  its  most  important  features  in  endless- 
rope  haulage. 

(1542)  How  are  the  ropes  kept  tight  in  an  endless-rope 
haulage  ? 

(1543)  Explain  an  endless-rope  haulage  with  a  single 
band. 

(1544)  Explain  how  a  single  endless-rope  band  may  be 
made  to  do  the  haulage  out  of  several  branching  districts,  and 
include  in  your  description  the  great  defects  in  such  an 
arrangement. 

(1545)  Explain  how  an  endless-rope  haulage  is  done  with 
main  bands  and  branching  bands. 

(1540)  Show  the  advantage  of  gravity-planes  worked  with 
an  endless  rope  over  those  of  the  other  systems  of  double  ropes. 

(1547)  Show  why  haulage  with  an  endless-rope  system  is 
cheaper  for  undulating  roads  than  by  main  and  tail  rope  and 
other  systems  of  haulage. 

(1548)  Show  the  advantage  of  working  each  of  the  deflect- 
ing bands  of  an  endless-rope  haulage  with  motors  that  are 
actuated  by  transmitted  energy. 

(1549)  Show  how  a  gasoline-engine  might  be  applied  for 
bands  of  district  haulages. 

(1550)  Show  that  in  large  mines,  where  the  coal  has  to  be 
hauled  out  of  many  districts,  it  can  be  better  and  more  cheaply 
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done  in  many  cases  by  the  endless-rope  system  than  by  any 
other  known  system  of  haulage. 

(1551)  Show  that  locomotive  haulage  is  better  in  small 
mines  than  large  ones,  and  especially  where  the  roads  are 
comparatively  level. 

(1552)  Show  in  what  important  respect  the  fixing  of  a 
tail -sheave  for  a  tail-rope  differs  from  the  tail-sheave  for  an 
endless-rope  haulage. 

(1553)  What  should  be  the  smallest  diameter  of  a  sheave 
to  prevent  damage  from  the  bending  of  a  steel  rope  having 
19  wires  to  the  strand  ? 

(1554)  What  should  be  the  smallest  diameter  of  a  sheave 
to  prevent  damage  from  the  bending  of  a  steel  rope  having 
7  wires  to  the  strand  ? 

(1555)  Explain  two  good  tension  arrangements  for  keep- 
ing an  endless  rope  tight. 

(1556)  Explain  two  methods  of  attaching  and  detaching 
the  cars  of  an  endless-rope  band. 

(1557)  The  output  of  a  certain  mine  is  2,500  tons  per 
day,  and  the  length  of  the  road  along  which  the  main  haul- 
age-band runs  the  cars  is  5,230  feet.  A  car  carries  1^  long 
tons  of  coal.  The  velocity  of  the  rope  is  2  miles  an  hour, 
and  the  time  for  one  day's  running  is  10  hours.  As  the 
rope  is  sometimes  stopped  to  wait  for  work,  the  average  run- 
ning time  is  only  8  hours,  (a)  How  many  loaded  cars  are 
there  on  the  haulage-band  at  one  time  ?  (d)  What  are  their 
distances  apart  ?  *         ( (a)  103  cars. 

'  f  (*)   50.  G8  ft. 

(1558)  The  output  in  tons,  the  velocity  of  the  rope,  and 
the  weight  of  coal  a  car  carries  are  unaltered.  If  the 
length  of  the  haulage-road  is  made  one-half  of  the  original 
length,  how  will  the  distances  apart  of  the  cars  be  affected  ? 

(1559)  How  much  can  I  reduce  the  weight  of  a  rope  by 
doubling  its  velocity,  and  haul  out  the  same  weight  of  coal 
per  day  as  was  hauled  before  with  a  heavy  rope  running  at 
a  lower  velocity  ? 
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(1560)  Which  is  the  best  speed  at  which  to  run  an  endless- 
rope  haulage,  two  or  four  miles  an  hour  ? 

(1501)  How  are  the  ropes  attached  to  the  cars  in  an  end- 
less-rope haulage  ? 

(1502)  The  track  for  a  single  band  in  an  endless-rope 
haulage  is  4,720  feet  in  length,  and  this  rope  hauls  out  976 
long  tons  of  coal  in  10  hours.  The  cars  carry  1 J  long  tons  of 
coal,  and  an  empty  car  weighs  1,200  pounds.  The  velocity 
of  the  rope  is  2J  miles  an  hour,  and  the  weight  of  the  rope 
is  3  pounds  per  foot  of  length.  What  is  (a)  the  tension  in 
the  rope,  and  (d)  the  horsepower  of  the  hauling  engine,  sup- 
posing the  mean  grade  of  the  road  to  be  a  true  level  ? 

.         (  {a)  4337.47  lb. 
•  I  (*)  28.92  H.  P. 

(1563)  The  track  for  a  single  band  on  an  endless-rope 
haulage  is  4,720  feet  in  length,  and  the  rope  band  hauls  out 
976  long  tons  of  coal  in  10  hours.  The  cars  carry  1^  long 
tons  of  coal,  and  an  empty  car  weighs  1,200  pounds.  The 
velocity  of  the  rope  is  2^  miles  an  hour,  the  weight  of  the 
rope  is  3  pounds  per  foot  of  length,  and  the  road  has  a  mean 
up  grade  to  the  shaft  of  2^  per  cent.  What  is  (a)  the  tension 
in  the  rope,  and  {d)  the  horsepower  of  the  hauling  engine  ? 

(  (a)  6291.8  lb. 
^  ^'  i  (6)  41.9  H.  P. 

(1564)  The  track  for  a  single  band  on  an  endless-rope 
haulage  is  4,720  feet  in  length,  and  the  rope  band  hauls  out 
976  long  tons  of  coal  in  10  hours.  The  cars  carry  H  long 
tons  of  coal,  and  an  empty  car  weighs  1,200  pounds.  The 
velocity  of  the  rope  is  2 J  miles  an  hour,  the  weight  of  the 
rope  is  3  pounds  per  foot,  and  the  road  has  a  mean  down 
grade  to  the  shaft  of  2^  per  cent.  What  is  {a)  the  tension 
in  the  rope,  and  {d)  the  horsepower  of  the  hauling  engine  ? 

Ans   H^)  2,383.14  1b. 
^^^'  I  {b)    15.89  H.  P. 

(1565)  What  is  the  number  of  strands  in  a  wire  rope  for 
mine  haulage,  and  between  what  numbers  do  the  wires  in  a 
strand  vary  ? 
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(1566)  Explain  the  difference  between  a  twisted  and  a 
locked  wire  rope. 

(1567)  Show  in  what  way  the  durability  of  a  wire  rope  is 
affected  by  bending  around  and  over  sheaves. 

(1568)  Explain,  without  going  much  into  detail,  the  gen- 
eral principles  that  govern  the  splicing  of  a  rope. 

(1569)  Explain  how  a  roadbed  should  be  made  for  under- 
ground haulage. 

(1570)  Briefly  explain  three  different  kinds  of  rollers 
used  for  supporting  the  haulage-rope. 

•  (1571)  Briefly  explain  the  mode  of  attachment  and  the 
mode  of  action  of  the  two  classes  of  engines  used  for  under- 
ground haulage  in  mines. 

(1572)  As  drums  can  not  be  used  for  endless-rope  haulage, 
explain  the  construction  and  mode  of  action  of  grip-wheels 
used  for  that  purpose. 

(1573)  Name  the  four  types  of  locomotives  that  are  in 
use  for  underground  haulage  in  mines. 

(1574)  If  a  steam  locomotive  is  used  for  underground 
haulage  in  a  mine,  on  what  roads  should  it  run,  and  what 
should  be  the  condition  of  the  air  in  the  passage  in  which  the 
engine  runs  ? 

(1575)  What  particular  plant  is  required  for  a  compressed- 
air  locomotive  haulage  ? 

(1576)  What  should  be  done  in  the  pumping  of  com- 
pressed air  to  prevent  waste  of  energy  ? 

(1577)  What  difference  should  there  be  between  the 
pressure  of  the  air  in  a  locomotive-tank  and  that  of  the 
pipe-line  ? 

(1578)  What  special  construction  is  provided  for  the 
night  and  day  work  of  air-compressors  ? 

(1579)  How  does  temperature  affect  the  pressure  of  the 
compressed  air  in  the  pipe^lines  provided  for  locomotive 
haulage  in  mines  ? 
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(1580)  What  is  the  advantage  of  a  compressed-air  loco- 
motive over  that  of  a  steam-power  locomotive  for  under- 
ground haulage  in  mines  ? 

(1581)  What  difficulty  would  occur  in  using  gasoline 
locomotive-engines  for  underground  haulage  in  mines  ? 

(1582)  Show  in  what  important  respect  the  grades  are 
different  for  locomotive  and  for  rope  haulage  in  mines. 

(1583)  What  rails  require  elevating  on  curves  for  loco- 
motive and  for  rope  haulage  ? 

(1584)  What  important  feature  is  it  necessary  for  the 
mining  engineer  or  mine  manager  to  understand  in  the 
construction  of  self-acting  inclines  ? 


li 


Hoisting  and  Hoisting  Appliances. 


(1585)  What  is  the  motor  of  a  hoisting  plant  ? 

(1586)  Name  the  motors  that  fill  the  requirements  of 
the  hoisting  service. 

(1587)  Explain  the  two  methods  according  to  which  en- 
gines are  used  as  motors  for  a  hoisting  plant.  Which  of 
these  methods  is  usually  adopted  ? 

(1588)  State  the  advantages  of  the  electric  motor  for 
hoisting  purposes. 

(1589)  What  are  the  objections  to  a  direct  current  for 
long  distance  work  ?  Explain  how  the  alternating  current 
overcomes  this  objection. 

(1590)  Explain  the  principle  of  the. multiphase  synchro- 
nous motor.    What  are  its  advantages  for  hoisting  purposes  ? 

(1591)  Describe  a  speed  controller  for  an  electric  hoist. 

(1592)  What  is  a  duplex  engine  ? 

(1593)  Explain  why  a  single-cylinder  engine  will  not 
fulfil  the  requirements  of  the  hoisting  service,  and  how  a 
duplex  engine  will  fulfil  those  requirements. 

(1594)  {a)  What  is  to  be  gained  by  the  use  of  condens- 
ing engines  ?  {d)  What  are  the  objections  to  condensing 
engines  ? 

(1595)  If  a  condensing  engine  is  to  be  used  for  hoisting, 
what  provisions  must  be  made  ? 

(1596)  Why  should  a  condensing  engine  for  hoisting 
purposes  be  cross-compound  ? 

(1597)  What  is  initial  condensation  ?  Why  should  the 
initial  condensation  be  greater  in  a  single-cylinder  condens- 
ing engine  than  in  a  single-cylinder  non-condensing  engine? 

§23 


2        HOISTING  AND  HOISTING  APPLIANCES.    §  23 

(1598)  Explain  why  a  condensing  hoisting-engine  should 
have  an  auxiliary  steam-pipe  and  throttle- valve  to  admit  live 
steam  to  its  low-pressure  cylinder. 

(1599)  Explain  why  a  condensing  hoisting-engine  should 
have  an  independent  air-pump  and  condenser. 

(1600)  What  is  meant  by  the  size  of  an  engine  ? 

(1601)  What  kinds  of  work  constitute  the  work  required 
of  a  hoisting-engine  ? 

(1602)  In  a  hoisting  plant,  what  items  make  up  the  load 
on  the  rope  ? 

(1603)  How  small  a  drum  is  it  safe  to  use  with  a  pliable 
steel  rope  ? 

(1604)  (a)  What  is  the  net  load  on  a  hoisting-engine  ? 
{6)  What  is  the  gross  load  ?  (c)  What  is  the  actual  load  ? 
(d)  Give  a  rule  for  determining  the  actual  load. 

(1605)  If  we  have  a  shaft  or  vertical  hoistway  1,200  feet 
deep  and  wish  to  hoist  from  it  3,000  pounds  of  material  at  a 
trip,  in  a  car  weighing  1,800  pounds  and  a  cage  weighing 
2,400  pounds,  (a)  how  large  a  plow-steel  rope,  19  wires  to 
the  strand,  should  we  use  ?  {b)  How  small  a  drum  would 
it  be  safe  to  wind  this  rope  on  ?  A  «;  -I  ^^)  ^  '^" 

"  '  I  (*)  5  ft. 

(1606)  What  would  be  the  actual  load  on  the  engine,  in 
Question  1605,  if  the  shaft  were  double,  so  that  two  cages 
may  be  used  to  balance  each  other,  and  if  no  tail-rope  were 
used  ?  Ans.  6,225.6  lb. 

(1607)  Give  a  rule  for  finding  the  work  required  of  a 
hoisting-engine  per  revolution  of  the  drum. 

(1608)  In  example  1606,  if  the  smallest  drum  advisable 
were  used,  what  would  be  the  work  required  of  the  engine 
per  revolution  of  the  drum.  Ans.  99,421.4  ft. -lb. 

(1609)  What  should  be  the  size  of  the  engine  cylinders 
to  do  the  hoisting  in  the  case  mentioned  in  Question  1606  ? 
Assume  the  M.  E.  P.  to  be  48.76  pounds  per  square  inch 
and  the  ratio  of  the  stroke  to  the  diameter  1^. 

Ans.  22  in.  X  33  in. 
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(161Q)  If  the  cylinder  of  an  engine  is  12  inches  in  diam- 
eter and  the  stroke  is  24  inches,  what  work  per  revolution 
will  it  perform  if  supplied  with  steam  at  40  pounds  M.  E.  P.  ? 

Ans.  18,096  ft. -lb. 

(1611)  In  allowing  for  the  extra  force  necessary  to  over- 
come friction  and  accelerate  the  moving  parts,  why  is  a 
certain  percentage  of  the  gross  load  taken  instead  of  a 
larger  percentage  of  the  net  load  ? 

(1612)  {a)  What  should  be  the  size  of  the  cylinders  of  a 
duplex  hoisting-engine  which  performs  36,000  foot-pounds 
of  work  per  revolution,  if  it  is  supplied  with  steam  at  40 
pounds  M.  E.  P.,  and  if  the  stroke  is  to  be  2^  times  the 
diameter  ?  (d)  What  is  the  least  turning  moment  that  this 
engine  will  exert  ?  ,.        (  (a)  14  in.  x  35  in. 

f  (d)  107,757  in. -lb. 

(1613)  How  do  you  determine  the  turning  moment 
exerted  by  the  load  on  the  drum  ? 

(1614)  If  a  tail-rope  is  used,  must  the  engine  be  larger 
than  when  no  tail-rope  is  used,  or  may  it  be  smaller  ? 

(1615)  If  a  shaft  be  made  single  instead  of  double,  thus 
preventing  the  use  of  two  cages  and  two  cars  balancing 
each  other,  will  the  engine  need  to  be  larger  or  smaller  ? 

(1616)  State  the  relative  advantages  of  steam  and  com- 
pressed air  for  hoisting-engines,  and  state  the  conditions 
which  influence  the  choice  between  steam  and  air. 

(1617)  Why  should  hoisting-engines  be  equipped  with 
cylinder  relief -valves  ?  Explain  the  principle  of  the  relief- 
valves  illustrated  in  Fig.  892. 

(1618)  What  are  the  three  principal  kinds  of  drums  ? 

(1619)  If  we  have  a  shaft  1,800  feet  deep  and  wish  to 
hoist  from  it  such  a  load  as  would,  with  the  weight  of  the 
rope,  require  a  rope  1^  inches  in  diameter,  how  long  a  paral- 
lel drum  must  we  have,  allowing  :J^-inch  between  the  coils  ? 

Ans.   11  ft.  8  in. 

(1620)  What  is  the  object  of  using  conical  instead  of 
cylindrical  drums? 
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(1621)  {a)  How  would  you  determine  the  small  diameter 
of  a  conical  drum  ?  (A)  Give  a  rule  for  determining  the 
largs  diameter  of  a  conical  drum. 

(1622)  Should  metal  ropes  for  hoisting  purposes  be 
allowed  to  coil  upon  themselves  ?  Why  ?  What  is  the 
chief  objection  to  the  use  of  flat  ropes  ? 

(1623)  If  we  wish  to  build  a  pair  of  conical  drums  for  a 
vertical  shaft  800  ft.  deep,  from  whicn  It  is  desired  to  hoist 
4,000  lb.  of  material  at  a  trip,  in  cars  weighing  3,0(K)  lb. 
each  and  with  cages  weighing  3,200  lb.  each,  what  should 
the  large  and  small  diameters  be  ?  The  rope  is  to  be  of 
cast  steel,  19  wires  to  the  strand. 

*        J  Large  diameter  =  9  ft. 
'A  Small  diameter  =  7  ft. 

(1624)  What  are  the  objections  to  both  cylindrical  and 
conical  drums  ? 

(1625)  Describe  the  Whiting  system  of  hoisting.  What 
are  its  advantages  ? 

(1626)  (a)  What  is  the  use-  of  a  brake  of  a  hoisting 
plant  ?     (b)  What  load  may  be  brought  upon  the  brake  ? 

(1627)  What  is  a  block  brake  ?  Describe  the  strap 
brake. 

(1628)  Why  should  the  ends  of  a  brake  strap  be  kept 
close  to  the  drum  ? 

(1629)  In  the  case  of  a  very  large  strap  brake,  how 
would  you  keep  the  upper  half  away  from  the  drum  when 
the  brake  is  off  ? 

(1630)  Why  can  not  the  force  that  a  man  is  able  to  exert 
be  so  multiplied  by  levers  as  to  be  sufficient  for  any  brake  ? 

(1631)  Show  what  can  be  accomplished  by  a  differential 
leverage,  and  explain  the  principle  involved. 

(1632)  Having  the  force  that  is  to  be  applied  to  the  end 
of  a  brake  strap,  how  can  we  determine  the  resistance  that 
the  strap  offers  to  the  rotation  of  the  drum  ? 
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(1633)  If  the  hoisting  plant  is  so  large  that  a  man  can 
not  do  the  braking  by  hand,  what  other  agents  may  be 
used  ?     How  can  these  agents  be  applied  to  a  brake-gear  ? 

(1634)  What  is  a  hoist  indicator  ?  Describe  a  positive- 
motion  indicator. 

(1635)  Explain  the  Kcepe  system  of  hoisting. 

(1636)  Explain  a  method  of  capping  a  hoisting  rope. 

(1637)  What  is  a  detaching-hook,  and  why  is  it  used  ? 

(1638)  What  is  a  tail-rope  ?  What  is  gained  by  using  a 
tail-rope  ? 

(1639)  What  is  a  cross-head  for  mining  purposes  ?  For 
what  is  it  used  ? 

(1640)  (a)  Why  is  a  cross-head  made  to  rest  on  the  rope 
without  being  attached  to  it  ?  (b)  Explain  a  way  to  make 
such  an  arrangement. 

(1641)  What  is  a  cage,  and  what  is  its  use  ? 

(1642)  What  two  general  kinds  are  there  ? 

(1643)  Explain  the  action  of  the  usual  kind  of  safety- 
catches  for  shaft  cages. 

(1644)  What  are  gunboats,  or  skips  ? 

(1645)  What  are  rope  carriers  used  for  ? 

(1646)  What  are  sheaves,  and  for  what  are  they  used  ? 

(1647)  What  are  the  advantages  of  a  sheave  with 
wrought-iron  spokes  over  one  with  cast-iron  arms  ? 

(1648)  Explain  the  method  of  putting  in  wrought-iron 
spokes  tangentially. 

(1649)  Describe  a  method  of  dumping  a  gunboat,  or  skip. 

(1650)  What  are  landing  fans,  or  keeps  ? 

(1651)  How  would  you  find  the  direction  and  amount  of 
the  stress  to  which  a  head-frame  was  subjected  ?  Explain 
fully. 
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(1652)  How  does  a  small  seam  and  bad  roof  influence  the 
size  of  the  mine-car  ? 

(1653)  At  a  shaft  mine  with  two  openings,  how  should 
the  machinery  for  hoisting,  ventilation,  pumping,  and  under- 
ground haulage  and  coal  cutting  be  grouped  around  these 
openings  ? 

(1654)  What  conditions  determine  the  opening  of  a  shaft 
mine  with  a  landing  on  a  trestle,  and  what  are  the  features 
in  the  arrangement  of  the  surface  works  in  this  case  ? 

(1655)  What  conditions  determine  the  opening  of  a  shaft 
mine  with  only  one  landing,  and  that  on  natural  ground, 
and  what  are  the  features  in  the  arrangement  of  the  surface 
works  in  this  case  ? 

(1656)  In  what  respects  do  the  requirements  at  a  shaft 
mine  differ  from  the  requirements  at  other  mines  in  regard 
to  stables,  hay,  and  feed  ? 

(1657)  What  should  be  the  limits  for  the  foot  of  the 
brace  between  the  resultant  and  underwinding  rope  ? 

(1658)  What  should  be  the  limit  of  the  distance  of  the 
center  of  the  engine  drums  from  the  center  of  the  shaft,  if 
the  center  of  the  head  wheels  is  60  ft.  vertically  above  the 
center  of  the  engine  drums  ? 

(1659)  What  are  the  favorable  conditions  for  the  use  of 
a  self-dumping  cage  ? 

(1660)  When  can  a  tipple  arrangement  be  introduced  for 
dumping  cars  on  both  sides  of  the  shaft  ? 
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(1661)  What  is  the  advantage  of  returning  empty  cars  to 
the  cage  by  the  rear  of  the  shaft,  as  compared  with  return- 
ing them  on  the  same  side  from  which  the  loads  are  removed  ? 

(1G02)  In  what  instances  is  a  tipple  platform  laid  with 
steel  plates  preferable  to  track  arrangements  ? 

(1003)     What  are  the  advantages  of  car-shifting  devices  ? 

(1G04)  What  grades  are  best  suited  for  loaded  and  empty 
tracks  at  a  shaft  landing  on  a  trestle  ? 

(1G65)  What  buildings  will  generally  be  located  on  one 
side  of  the  shaft,  what  on  the  other  side,  and  why  ? 

(1066)  At  a  shaft  location  with  landing  on  the  ground, 
where  is  the  best  location  for  a  mechanical  lift  for  returning 
empty  cars  to  the  mine  by  gravity  ? 

(1607)  What  branches  from  the  return  empty  track  are 
needed  in  the  yard,  to  the  various  shops,  buildings,  etc.  ? 

(1008)  What  will  be  about  the  smallest  and  largest  num- 
ber of  cars  that  a  landing  at  a  slope  mine  will  be  required  to 
hold? 

(1009)  What  are  the  grades  for  outside  mine  tracks  if 
made  gravitating  ? 

(1070)  How  is  the  connection  with  the  yard  and  .slope 
tracks  made  ? 

(1071)  What  is  the  best  arrangement  in  the  surface 
works  for  pumping  at  a  slope  mine  ? 

(1072)  What  is  the  best  arrangement  for  a  slope  landing 
for  10  cars,  where  the  distance  from  the  knuckle  to  the  rail- 
road-tracks is  40  feet  ? 

(1073)  What  should  be  the  least  height  of  a  drift  mine 
opening,  above  the  railroad-tracks,  so  that  cars  may  gravi- 
tate to  the  tipple  for  dumping  ? 

(1074)  What  number  of  cars  is  required  to  get  out  1,500 
tons  in  8  hours,  where  it  takes  a  car  2  hours  to  make  a  round 
trip  from  the  tipple  into  the  mine  and  return  ?  Capacity  of 
car  is  2  tons. 
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(1675)  What  is  the  best  arrangement  for  long  tracks  out- 
side of  a  drift,  where  the  ground  is  limited  between  the 
opening  and  railroad-tracks  ? 

(1676)  What  are  the  main  features  in  the  surface  arrange- 
ments at  a  drift  mine  ? 

(1677)  What  will  be  the  minimum  height  of  a  mine  open- 
ing above  the  tipple,  to  be  operated  by  an  inclined  plane  ? 

(1678)  How  should  mines  of  less  than  above  height  be 
opened  ? 

(1679)  How  are  tracks  arranged  at  the  top  and  bottom 
of  an  inclined  plane  ? 

(1680)  What  is  the  usual  number  of  cars  lowered  on  an 
inclined  plane  and  what  influences  the  number  ? 

(1681)  How  does  a  steep  hillside  influence  the  location  of 
buildings  ? 

(1682)  What  should  be  the  greatest  angle  of  the  plane 
for  lowering  cars  loaded  above  the  top  ? 

(1683)  What  should  be  the  greatest  angle  of  the  plane 
for  lowering  cars  loaded  level  full  ? 

(1684)  How  is  the  coal  handled  on  steeper  angles  ? 

(1685)  What  is  a  safe  minimum  grade  for  a  gravity 
plane  (a)  5()0  feet  long  ?     {6)  2,000  feet  long  ? 

(1686)  How  should  coal  be  lowered  when  it  outcrops  on 
a  bluff  45  to  65  feet  above  and  near  the  railroad-tracks  ? 
How,  if  the  coal  is  soft  ? 

(1687)  What  are  the  three  different  styles  of  tipple 
dumps  ? 

(1688)  What  is  the  best  arrangement  of  tracks  for  push 
or  cradle  tips  ? 

(1689)  What  is  the  general  arrangement  of  tracks  for  a 
cross-over  tip  ? 

(1690)  Describe  the  working  of  a  cross-over  tip. 

(1691)  Where  should  the  center  of  the  car  tip  be  located 
with  respect  to  the  intersection  of  the  line  of  chute  with  the 
tipple  platform  ? 
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(1692)  What  should  be  the  angle  of  the  chute  for  (a) 
lump  coal  ?  (d)  mine-run  ?  {c)  screening  ? 

(1693)  What  is  the  angle  of  a  loading  basket  (a)  when 
shut,  and  {d)  when  open  ? 

(1694)  What  are  the  standard  sizes  of  screen  bars  ? 

(1695)  What  are  the  standard  sizes  of  their  openings  ? 

(1696)  Through  and  over  what  size  bars  will  nut  coal 
pass  ? 

(1697)  How  should  coal  containing  very  much  fine  coal 
be  screened  ? 

(1698)  What  is  the  advantage  of  two  tipple  dumps  over 
one  in  loading  ? 

(1699)  What  are  the  arrangements  for  loading  box  cars  ? 

(1700)  Where  is  the  weighing  of  coal  generally  done  ? 

(1701)  How  should  coal  be  weighed  where  it  is  desired  to 
know  the  weight  of  the  lump  and  the  screening  less  than 
1^  inches,  separately  ? 

(1702)  Where  is  the  best  location  for  the  weigh-beam  ? 

(1703)  How  should  lump  coal  that  must  be  broken  and 
picked  to  remove  slate  be  cleaned  ? 

(1704)  How  is  nut  coal  containing  few  impurities 
cleaned  ? 

(1705)  How  is  nut  coal  or  smaller  screening  containing 
much  impurity  cleaned  ? 

(1706)  In  what  places  may  rock  be  dumped  from  mine- 
cars  ? 

(1707)  If  coal  breaks  easily,  how  is  it  dumped  ? 

(1708)  How  should  easily  broken  coal  with  much  screen- 
ings be  screened  and  lowered  from  small  or  considerable 
heights  ? 

(1709)  What  are  the  usual  curves,  grades,  and  distances 
from  center  to  center  of  railroad-tracks  ? 

(1710)  What  should  be  the  length  of  each  siding  where 
the  proportion  of  the  sizes  of  1,500  tons  daily  are  as  follows: 
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lump,  70^;  nut,  15^;  pea,  S^;  slack,  7^ — cars  34  feet  long, 
holding  30  tons  each  ? 

(1711)  What  is  the  sharpest  curve  that  should  be  used 
for  a  14-inch  wheel,  20  inches  center  to  center  of  axle,  and 
3-foot  gauge  ? 

(1712)  What  should  be  the  grades  for  loads  and  empties 
on  long  gravitating  tracks,  and  where  should  a  device  be 
introduced  for  raising  the  empties  for  returning  them  to  the 
mine  ? 

(1713)  What  grade  should  be  given  if  the  cars  start  from 
a  standstill  ? 

(1714)  If  it  is  desired  to  maintain  tracks  at  a  level, 
instead  of  gravitating,  how  can  cars  be  handled  for  long 
distances  ? 

(1715)  What  will  be  the  length  of  a  mine-car  siding  for 
loaded  trips  where  the  cars  hold  2  tons,  trips  arriving  every 
20  minutes,  for  a  day  of  8  hours  ?  The  output  is  1,600  tons 
per  day,  and  the  cars  are  8  feet  long. 

(1716)  Under  what  conditions  would  iron,  wood,  and 
stone  tanks  be  used  as  reservoirs  for  the  water-supply  in 
preference  to  an  earthwork  basin  or  dam  ? 

(1717)  Mention  the  conditions  that  determine  the  rela- 
tive location  of  the  blacksmith  shop,  carpenter  shop,  and 
machine-shop. 
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(1718)  State  the  difference,  if  any,  between  a  drift  and 
a  tunnel.- 

(1719)  When  the  engine  is  not  direct-acting,  why  is  it  best 
to  locate  the  spur-wheel  in  the  center  of  the  hoisting  drum  ? 

(1720)  In  what  way  would  you  make  the  positive  test 
to  determine  whether  the  boiler  feed-water  contains  sul- 
phuric acid  ? 

(1721)  In  separating  the  slate  from  the  coal,  what  objec- 
tion is  there  in  having  all  the  slate  pickers  arranged  one 
above  the  other  in  one  continuous  chute? 

(1722)  What  are  the  three  physical  characteristics  upon 
which  the  operation  of  separating  the  slate  from  the  coal  by 
mechanical  means  is  based  ? 

(1723)  In  locating  an  engine  to  hoist  out  of  a  shaft,  what 
are  the  points  to  be  taken  into  consideration  ? 

(1724)  In  Fig.  1009,  Art.  281 1,  the  difference  of  eleva- 
tion between  the  walls  that  support  the  breaker  and  those 
that  support  the  tower  is  12  feet,  and  the  distance  between 
their  centers  is  200  feet.  The  height  of  the  breaker  at  the 
point  where  the  dump  chute  enters  the  breaker  is  90  feet, 
and  the  pitch  of  the  dump  chute  is  3.5  inches  to  the  foot. 
{a)  What  is  the  height  of  the  tower  to  dump  chute,  and  (d) 
what  is  the  length  of  the  dump  chute  ? 


Ans   -i  (^)  Height,  136.33  feet. 
'  (  (d)  Length  of  chute,  208. 


33  feet. 

(1725)     What  is  a  telegraphy  and  what  is  it  used  for  ? 
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(172(5)  In  order  to  have  a  well-arranged  plant,  how 
should  the  structures  erected  upon  the  surface  be  arranged, 
and  why  ? 

(1727)  State  briefly  the  different  methods  of  handling 
culm. 

(1728)  What  device  to  prevent  breakage  is  adopted  in 
connection  with  rolls  ? 

(1729)  What  is  a  proper  grade  for  the  empty  and  loaded 
tracks  leading  to  and  from  the  breaker,  and  over  which  the 
railroad-cars  run  ? 

(1730)  What  effect  have  the  movable  screening  bars  on 
the  height  of  the  breaker  ? 

(1731)  What  is  the  object  in  using  an  elliptical  gear  in 
operating  the  piston  of  a  piston  jig  ? 

(1732)  What  are  the  objections  to  locating  a  hoisting- 
engine  in  the  lower  part  of  the  breaker  ? 

(1733)  What  do  you  understand  by  lump-coal  screenings  ? 

(1734)  What  precautions  should  be  taken  in  locating 
engines  that  are  used  for  lowering  and  hoisting  men  ? 

(1735)  What  does  the  capacity  of  a  breaker  depend  upon  ? 

(173G)  What  does  the  machinery  for  conveying  the  coal 
in  the  breaker  consist  of  ? 

(1737)  Name  the  different  kinds  of  openings  which  are 
used  at  anthracite  collieries  to  furnish  the  coal  to  operate 
the  plant. 

(1738)  Give  the  pitches  of  chutes  down  which  the  differ- 
ent sizes  of  wet  and  dry  coal  will  slide. 

(1739)  Why  is  it  more  expensive  to  prepare  coal  by  the 
wet  method  than  by  the  dry  ? 

(1740)  Explain  one  of  the  main  points  to  be  taken  into 
consideration  in  choosing  the  site  for  a  breaker. 

(1741)  In  a  slate-picker  screen  how  are  the  slits  or  longi- 
tudinal openings  in  slate-picker  segments  arranged  in  refer- 
ence to  the  screen  shaft  ? 
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(1742)  What  are  the  principal  requirements  of  anthracite 
winding-engines  ? 

(1743)  What  are  the  two  methods  of  removing  impurities 
from  coal  ? 

(1744)  What  are  the  two  main  points  in  connection  with 
jigs  in  order  to  have  a  good  separation  ? 

(1745)  For  what  sizes  and  for  what  purpose  is  a  pentag- 
onal screen  used  ? 

(1746)  What  constitutes  a  good  steam-brake  ? 

(1747)  What  are  the  principal  objects  aimed  at  in  pre- 
paring anthracite  coal? 

(1748)  State  the  classes  into  which  the  machinery  for 
sizing  coal  is  divided. 

(1749)  State  the  difference  between  the  two  types  of  coal 
*  jigs  used  in  the  anthracite  region. 

(1750)  What  is  the  reason  for  locating  breaker  engines 
at  some  distance  from  the  main  structure  ? 

(1751)  Why  is  it  that  anthracite  coal  is  not  marketable 
as  it  comes  from  the  mines  ? 

(1752)  Give  the  sizes  of  the  different  meshes  used  in  sizing 
coal. 

(1753)  In  locating  a  steam  plant,  what  important  point 
must  be  kept  in  view  ? 

(1754)  What  does  the  capacity  of  screens  depend  upon, 
and  what  is  the  effect  of  increasing  the  pitch  ? 

(1755)  What  governs  the  size  of  the  carpenter  and  black- 
smith shops  at  an  anthracite  colliery  ? 

(1756)  What  arrangement  is  in  use  to  keep  the  slits  in  a 
cast-iron  slate-picker  segment  from  becoming  clogged  ? 

(1757)  In  designing  a  boiler  house,  what  are  some  of  the 
main  points  to  be  taken  into  consideration  ? 

(1758)  In  designing  a  head-frame,  what  should  the  height 
be,  in  relation  to  landing  and  overwinding  points  ? 

(1759)  What  are  the  methods  in  use  for  driving  screens  ? 

(1760)  Where  is  lump  coal  made  ? 
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(17G1)     What  is  a  tfiain  screen  ? 

(1762)  In  what  way  do  the  corrugated  rolls  differ  from 
other  rolls  ? 

(1763)  What  is  the  best  location  for  the  powder  house  ? 

(1764)  In  case  of  a  long  line  shaft,  made  up  of  a  number 
of  short  pieces  of  shafting,  explain  how  they  are  coupled,  and 
show  a  sketch  of  the  same. 

(1765)  In  what  way  do  the  prepared-coal  rolls  differ  from 
the  main  rolls  ? 

(1766)  Give  the  name  of  the  screen  or  screens  into  which 
the  coal  enters  after  passing  through  the  main  screening  bars. 

(1767)  Why  is  it  more  economical  to  use  a  **  gunboat" 
than  an  ordinary  mine-car  on  slopes  where  the  pitch  is  very 
heavy  ? 

(1768)  Make  a  sketch  showing  the  method  usually  adopted 
in  locating  a  fan,  when  a  main  slope  and  a  tender  slope  are 
used  to  operate  the  plant. 

(1769)  State  the  classes  into  which  the  machinery  for 
preparing  anthracite  coal  is  divided. 

(1770)  State  the  difference  between  the  two  types  of 
movable  screens. 

« 

(1771)  What  is  the  duty  of  the  platform  men  ? 

(1772)  Where  and  for  what  purpose  are  safety  blocks 
used  ? 

(1773)  What  type  of  fan  is  used  in  the  anthracite  region 
in  preference  to  all  others  ? 

(1774)  Name  in  their  order  the  different  sizes  of  coal  pre- 
pared in  the  anthracite  breaker,  commencing  with  the 
largest  size. 

(1775)  From  the  tests  thus  far  obtained  from  fans,  what 
peripheral  speed  gives  the  best  results  ? 

(1776)  In  jigging  coal,  what  is  the  separation  due  to? 

(1777)  From  the  description  and  the  end  view,  Fig.  1001, 
Art.  2783,  make  a  sketch  showing  the  plan  of  the  machine, 
so  as  to  show  that  you  understand  its  operation. 
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(1778)  What  is  a  breaker  and  what  is  its  purpose  ? 

(1779)  What  is  the  difference  between  the  specific  gravity 
of  coal  and  of  slate  .? 

(1780)  Where  are  the  main  rolls  or  crushers  generally 
located  ? 

(1781)  What  are  corbel  blocks  used  for  ? 

(1782)  What  is  a  slush  bank  ? 

(1783)  Where  the  power  in  the  breaker  is  to  be  trans- 
mitted at  a  slow  rate,  what  kind  of  belting  is  preferable  ? 

(1784)  Where  should  the  colliery  office  be  located,  and 
why  ? 

(1785)  As  a  rule,  how  many  sets  of  rolls  are  there  in  a 
breaker  ? 

(1786)  Define  a  mud  screen. 

(1787)  What  are  loading  lips;  where  and  for  what  pur- 
pose are  they  used  ? 

(1788)  In  locating  a  culm  pile  or  heap,  where  is  it  advisa- 
ble not  to  deposit  the  culm,  and  why  ? 

(1789)  In  comparing  the  surfaces  of  a  gyrating  and  a 
circular  screen,  what  advantage  has  the  former  over  the 
latter  ? 

(1790)  What  do  you  understand  by  fixed  rolls  ? 

(1791)  Describe  a  slate-picker  screen. 


INDEX. 
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on  page  75  of  section  28. 
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